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PREFACE 


PN presenting this book, the result of ten years’ intense labor, to the 
public, I am aware that not all the facts and conclusions here laid 
down will meet the immediate approval of professional mieroscopists. 

The cell-theory, which for more than thirty years held sway over the 
minds of scientists, was contradicted by me in 1873, when I demonstrated 
the continuity of all elements engaged in the construction of tissues. In 
1872, I discovered the connections between cartilage-corpuscles, which, 
thanks to a simplified method, are now easily seen. Shortly afterward, 
the intimate structure of ‘‘protoplasm” was discovered, and it was found 
that the same structure is present throughout all the interstitial sub- 
stances which had hitherto been considered lifeless. 

As many of the assertions made in 1872 and 1873 have already been 
found correct by good observers, I confidently expect that the others 
too will, in time, be accepted, although directly contrary to the cell- 
theory. 

In- the autumn of 1874 I left Vienna, and, on the first of November 
of the same year, opened a laboratory for microscopical investigation in 
New-York. This has proved successful beyond all expectation. Over 
seven hundred attendants, among them some of the most intellectual 
and independent members of the medical profession, have here satisfied 
liemselves of the correctness of my assertions. A number of these have 
made valuable investigations in my laboratory, the results of which will 
be found embodied in various articles in this book. 

In view of these facts, I can await patiently the approval of scientists 
abroad. A doctrine which is accepted by good observers in America 
cannot be lost, but will develop independently of European inicroscop- 
ists, who, to a great extent, are prejudiced by the teachings of the older 
masters. 

Again have facts made it evident that the United States of America 
are ahead whenever new ideas of practical importance are to be acknowl- 
edged. I have received, in New-York, much encouragement from my 
students and co-workers. I have also been magnanimously supported by 
a friend, who is not a medical man, but a prince in character and wealth, 
and who surpasses most European princes in that he will not allow me to 
inscribe his name upon the dedicatory page. 

The illustrations of this book are, without exception, my own draw- 
ings, and have been transferred on metal to my complete satisfaction by 
the Moss Engraving Company, of this city. 

C. Heitzmann. 

39 West 45th Stiseet, New-Yoek, August, 1882. 
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I. 

METHODS. 


rilHE methods of preparation of the liquid and solid constit- 
I nents of the animal body are of the utmost importance. 
Every progress in histology is largely due to an improvement in 
the methods of preparation employed as well as of the optical 
apparatus. 

The main purpose obviously must be to examine liquids and 
tissues in a condition as nearly as possible like that in which 
they exist within the living body. The history of histology 
teaches that the greatest errors have resulted from a neglect of 
this rule. From the moment a specimen for examination with 
the microscope is allowed to dry, such a specimen has become a 
mummy, and unfit for further research. Almost aU. tissues, in 
former times, were allowed to dry before their minute structure 
was examined. The results of such researches are considered 
worthless nowadays. Despite of all experience gained in the 
last four decades, — that is, the time in which microscopic mor- 
phology has gradually developed into a science, — even in our 
day, dry bone-tissue is examined in all laboratories ; but such 
examinations are necessarily of very small value. Another 
objectionable procedure is the tearing, teasing, and pulling of 
tissues. By such methods, the parts which in the body are 
connected become broken and disfigured, dehris are produced, 
sometimes with the greatest skill, which, as a matter of fact, 
are useless for fruitful microscopic investigations. Both me- 
chanical and chemical isolation of the constituent parts of tissues 
should be used to a very limited degree only. Just as objection- 
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able is boiling, or a complicated chemical treatment, which, as a 
rule, yields results far from the truth. 

Infusion. Among the liquids useful to be examined for bio- 
logical purposes first ranks the infusion.” Torn blades of 
grass are, with the careful avoidance of the admixture of 
particles of earth, transferred, to a china soup-plate, common 
water is poured, upon them, and. they are left uncovered, and 
undisturbed, at the temperature of the laboratory. To make up 
for evaporation, some water may cautiously be added, from time 
to time. After from six to ten days, sooner in summer than in 
winter, this liquid will swarm with newly formed organisms, the 
stud.y of which is most fascinating to the biologist. A droplet 
of the infusion is brought on a glass slide, covered with a thin 
covering-glass, and is a ready specimen for microscopic research. 

If we mix together some water with organized bodies, such as grass, 
apparently destined to decay, there will sprout up a remarkably rich gener- 
ation both of plants and animals. To explain this fact is quite difficult. 
Some observers believe that the decaying particles of vegetables themselves 
change into new organisms under favorable circumstances ; while others, and 
doubtless the majority, are of the opinion that there are floating in the air 
millions of invisible germs of plants and animals, which, on finding a favorable 
soil for development, begin to grow and prosper. The germ-theory, first 
thoroughly established by Pasteur, has not as yet been contradicted in a 
satisfactory manner,* we have, therefore, every reason still to adhere to it. 
Certainly no development of infusoria takes place if the air be prevented 
from reaching the infusion. 

Among the numerous organisms in a drop of infusion perhaps 
the most elementary is the amoeba, which is best obtained from 
the border of the infusion in the plate, or from the blades of the 
decaying grass, gently scraped with a knife. The amoeba are 
pale, with lower powers of the microscope finely granular, trans- 
parent lumps, which continually change their shape and locality. 
In the first few weeks after the preparation of the infusion, we 
obtain amoebse of the shape and motion of caterpillars, which are 
the most suitable for microscopic examination, especially if in 
slow motion. 

It is remarkable that I succeeded in raising almost identical foiuns of living 
organisms on mixing together the same material several thousand miles away 
from New York, viz., in Vienna. There is a slight difference, however, im- 
portant enough to be mentioned. In Vienna I never saw an amoeba without 
a distinct lump in its interior, the nucleus ; while in New York, the more 
common occurrences are amoebse without nuclei. As these animalcules are 
identical in every other respect, both in Vienna and New York, this fact 
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dispi’oves the opinion of many histologists that the nncleus is something 
essential to the so-ealled ‘‘nnieellular ” organism. Haeckel’s view, viz., that 
there is a marked difference between forms devoid of a nucleus, termed by 
him “ cytodes,” and those with nuclei, termed “cells,” must be considered 
to be untenable. 

Moist Cliamher. Von Eecklinghansen invented the moist 
chamber for the purpose of preventing microscopic specimens 
from evaporation, without cutting off the supply of air. Many 
devices have been invented for this purpose. One of the simplest 
is L. Ranvier’s — a slide on which a circular furrow, for holding' 
air, surrounds the central plane surface ; on the latter a droplet 
of the liquid is placed, and the covering-glass, which must be 
large enough to cover the whole of the furrow at its edges, is 
hermetically sealed to the slide by a frame of melted paraffine. 
S. Strieker uses a slightly elevated frame of glazier’s cement, on 
the top of which he sticks the covering-glass holding the speci- 
men, while a droplet of water on the bottom of the chamber 
supplies moisture. The same investigator uses a moist chamber, 
which, for examinations not exceeding one or two hours’ dura- 
tion, proves to be the best and simplest of all. He oils the edge 
of one side of the covering- glass, and after having transferred a 
droplet of the fresh liquid to the slide, he covers it so that the 
oil-frame of the covering-glass adheres to the surface of the slide 
around the specimen. 

Heatahle Stage. Max Schultze introduced the so-called heatable 
stage with the view of keeping up in a specimen the temperature 
of the body, or raising it at will. As a matter of course, liquids 
of cold-blooded animals, especially their blood, need ho such 
apparatus. A droplet of blood of the newt (triton, salamandra), 
which we obtain by cutting olf the end of the tail of the animal 
with a pair of scissors, may be transferred upon the slide by 
simply touching the wound. The specimen must immediately 
be covered with a very thin covering-glass, the edges of which 
have been oiled beforehand. With a little skill, a specimen is 
obtained tit for examination even with the highest powers of the 
microscope. The warmer the temperature of the room the 
sooner the colorless blood-corpuscles will begin to change their 
shape and location. They will prove to be identical with the 
amoebee found in an infusion of grass. The examination of 
the colorless blood-corpuscles, or other isolated bioplasson bodies 
of warm-blooded animals, by means of the heatable stage, has 
proved their identity also with amoebiu. Such bodies within the 
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tissues may, as long as they remain alive, exhibit nnder the 
heatable stage changes of shape, bnt, on account of their being 
imbedded in basis or cement substance, no locomotion. 

The heatable stage of S. Strieker is a shallow metal case, the 
central cavity of which is connected with small pipes for the 
conduction of gases to be brought in contact with the living 
specimen. The latter rests on the lower surface of the covering- 
glass. In front of the case a metal peg can be connected with a 
spiral copper wire, the distal extremity of which is heated over 
an alcohol or gas lamp. The temperature is shown by a small 
thermometer outside the case. If a drop of blood be inclosed 
between two thin covering-glasses, with greased edges, the 
phenomena of amoeboid motion and locomotion are much better 
observed than in a drop hanging on the lower surface of one 
cover only. For high powers of the microscope, a condenser of 
light must be put into the diaphragm of the stage, as a good deal 
of light is lost on account of the unavoidable depth of the stage. 

Electricity. Living specimens are sometimes exposed to the 
influence of the electric current, preferably the induced, inter- 
rupted, as that alone admits of proper action upon the specimen. 
Both the constant and an induced current extending over several 
minutes are objectionable, as electrolysis with formation of gas- 
bubbles occurs, and the thermic action may destroy the effects 
of electricity upon the specimen. The simplest apparatus for 
applying electricity under the microscope is that of E. Briicke. 
A glass slide is covered with strips of tin-foil, between which, in 
the center of the slide, rests the specimen. The lower surface 
of the glass slide, also covered with tin-foil, is moved on two 
parallel copper supports attached to a larger glass plate, and in 
connection with the electrodes. 

Preparation of Fresh Tissues. Tissues from the freshly killed 
animal are, as a rule, unfit for microscopic research beyond a 
limited time. There is no liquid which keeps the specimen un- 
changed, and, without the addition of some liquid, the specimen 
soon dries. As preserving fluids have been used the liquid of the 
anterior chamber of the eye, serum of blood, the amniotic liquid 
of calf or sheep embryos, with the addition of a little metallic 
iodine, normal urine, one-half per cent, solution of chloride of so- 
dium, very dilute solution of bichromate of potassa, etc. The two 
latter answer all purposes. Water is objectionable, as the bio- 
plasson matter swells and becomes destroyed by it; the same 
destructive action is noticeable on the addition of glycerine. 
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Fresh specimens, if in the shape of delicate membranes, are 
spread over the glass slide, while, if in the shape of masses not 
transparent, they are cut with the razor in a frozen condition. 
The freezing mixture may be snow or broken ice with salt in one 
compartment of a metal box, while the other compartment holds 
the specimen, fixed, if necessary, by mncilage of gum arabic. 
Numerous freezing microtomes have been invented; in some, 
rhigolene or ether-spray is produced, by means of which a fresh 
specimen may in a few minutes be frozen to such a consistence 
that it can be cut with a razor. Specimens so obtained are 
useful for temporary examinations or for staining, especially 
with chloride of gold. Freshly cut specimens may be preserved 
by the addition of a very dilute solution of bichromate of po- 
tassa, which is allowed to flow under the covering-glass, and is 
di’ained off by strips of Altering paper held against the edge of 
the cover. 

Preservation of Tissues. The best method of preservation and 
hardening of normal and morbid specimens is to divide a large 
mass of the tissue by incisions into small pieces, of one or two 
inches diameter, and to place these pieces in a wine-yellow solu- 
tion (one-half per cent.) of chromic acid. The chromic acid is kept 
ready in strong solution, of which a small quantity is added to the 
water holding the specimen in a glass jar. It is important that 
the specimens be placed in a large quantity of liquid, its bulk 
exceeding that of the specimen at least flve or six times. These 
precautions are necessary, as the hardening action of chromic 
acid does not penetrate very deeply. In one or two days, the 
liquid having become cloudy, the chromic acid solution must be 
renewed, and such renewal is to be repeated every few days until 
the solution remains clear. Specimens of bone or teeth are 
treated in the same manner, and the extraction of the lime-salts 
may be hastened by a very cautious addition of dilute muriatic 
acid every fourth or fifth day. If the chromic acid be apphed in 
this way, it hardens the tissues in a few days or weeks, with 
no other change than a slight shrinkage, and renders them fit 
for cutting with the razor. After the specimens have been 
hardened, we still may keep them in very dilute solutions of 
chromic acid, to which we add small quantities of alcohol in 
order to prevent the growth of mildew, the most unpleasant 
enemy of a laboratory for microscopic research. 

A dark wine-yellow solution of bichromate of potassa is also 
suitable for the preservation of specimens, though in such a 
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solution hardening goes on very slowly, or not at all. The 
hardening may he accomplished by the solution of chromic acid 
as described above, or by alcohol. The latter method is the best 
for preservation of brain specimens, which,’ by the slightest 
excess of chromic acid, become too brittle to be cut. Eyes are 
placed fresh into Muller’s liquid (two parts of bichromate of 
potassa, one part of sulphate of soda, and 100 parts of water)* 
After a few weeks the eye may be cut open and transferred into 
a one-half per cent, solution of chromic acid, or into strong alcohol, 
in order to accomplish the hardening process. The advantage of 
these re-agents is that they do not interfere with the structure 
of the tissue, and render all constituent parts very distinct. 
Chromate of ammonia or picric acid solutions are by no means 
superior to the above- described liquids. Alcohol, for preser- ' 
vation of specimens, is objectionable, as it makes the tissues 
shrink, and leaves them too pale and indistinct for good observa- 
tion. Specimens kept in alcohol for a while should be placed in 
a one-half per cent, solution of chromic acid, in which they harden 
very quickly, and become well adapted for microscopic purposes. 
Bone and teeth, after a long-continued action of chromic acid, 
on account of the reduction of the latter, assume a dark green 
color, without change of their structure. 

Cutting. After the specimens have become sufficiently hard, 
they are ready to be sliced into thin and transparent sections. 
For this purpose a good razor, flattened on the side which slides 
on the specimen, is the simplest and most convenient tool. The 
specimen is rid from chromic acid by being placed in water ; it 
is held in the left hand, flattened out by one stroke of the razor, 
and the flat surface is kept in a horizontal position over a china 
soup-plate filled with water. We take up a little water on the hol- 
low surface of the razor, and, while the water runs over the level 
of the specimen, the razor is drawn slowly and uniformly through 
the tissue without producing ridges. The thinner the specimen 
the better. With the assistance of a flat copper spoon and a 
needle, the thin sections are transferred to a china saucer hold- 
ing water, in which, if desired, staining re-agents are applied. 
Common water answers all purposes, and neither alcohol nor 
distilled water are required. Small or hoUow specimens, which 
cannot be held in the left hand, such as halved eyes, teeth, etc., 
must be imbedded in the following way: The hardened specimen 
is placed in strong alcohol for twelve to twenty-four hours, in 
order to be rid of its water. A square-paper box, according to 
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the size and shape of the specimen, is made ; we fill the bottom 
with a melted mixture of paraffine and wax, six or eight parts 
of the former to one of the latter, with the addition, perhaps, of 
a little mutton-tallow. As soon as the layer of the mixture in 
the box becomes cloudy, the specimen, from which the surplus 
of alcohol meanwhile was allowed to evaporate, is transferred 
into the box, and the paraffine mixture, not too hot, is poured 
over it. The box, when full, is placed in cold water, where the 
surrounding paper is destroyed, and the fat becomes hard in a 
short time. The sections are made simultaneously through the 
paraffine and the specimen, in the same way as described before. 
No clearing re-agents, such as turpentine or oil of cloves, should 
be used before imbedding the specimen, as such re-agents render 
the details of the structure indistinct. Small specimens may be 
fitted into two pieces of the best so-called velvet-cork, properly 
hollowed out, and cut together with the cork. 

Everybody can learn to cut sections by more or less practice, 
though a certain amount of cleverness and steadiness of the 
hands is required to reach perfection. The rule is, that the 
section should be very thin, transparent, while its size is of much 
less importance. Valuable specimens, of which very little ought 
to be lost, may be cut with a section-cutter. The simplest style 
is a metal tube mounted at right angles with a circular black- 
glass or India-rubber plate. The central perforation of the plate 
opens into a cylindrical metal box of varying diameter, which, 
by ineans of a screw, slides within the metal tube. The paraffine 
mixture is poured into the metal box, and the imbedded speci- 
men is gradually lifted to the level of the plate, over which the 
flat surface of the razor-blade is passed. Complicated cutting- 
machines, in which the blade of the knife works on the principle 
of a plane, are invented in large number, and prove to be 
satisfactory in the hands of their inventors, or whenever a large 
number of specimens is required for distribution or for trade. 
The greater the complication, the less is the value of such 
machines. 

Moimtincj. The sections, after being stained, are transferred 
on a metal spoon with the assistance of a needle. The best 
spoon for the purpose is one made of hammered copper wii*e, the 
flattened and rounded extremity of which is at a right angle to 
the wire, the latter constituting the handle. Perforations of 
the spoon are superfluous. The surplus water is soaked away 
from the lower surface of the spoon by means of good white 
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filtering-paper ; a drop of dilute glycerine is added — best with the 
glass stem of the bottle holding glycerine — to the specimen, which 
is then worked down to the center of a glass slide. Here the 
specimen is spread out, if necessary, with two needles, its position 
corrected, and the covering-glass gently placed over the drop, so 
as to avoid including air-bnbbles. With a little practice and 
skill we learn to add the exact quantity of glycerine. Should 
the drop prove to be too small, — viz., if a corner or edge of the 
covering-glass wants glycerine, — a small droplet is approached to 
that edge, and will flow under by capillary attraction. If too much 
glycerine be taken, it must be drained off by moist filtering-paper, 
and the slide cleansed carefully with a piece of such paper folded 
up and moistened. The sealing together of both glasses should 
be accomphshed by painting varnish in the shape of a narrow 
but heavy rim along the edge of the covering-glass ; but great 
care must be taken to have both slide and cover first absolutely 
clean and dry. 

The only liquid which can be fully recommended for mount- 
ing hardened specimens is glycerine in the purest chemical 
condition, to which distilled water (about one part of water to 
three parts of glycerine) is added. Mounting in Canada balsam 
or in damar varnish is objectionable, as the specimens in these 
liquids in time clear up to such an extent as to become unfit for 
amplifications of the microscope exceeding 300 or 500 diameters. 
Long-continued trials, as regards the value of both methods, 
have led me to this conviction. Specimens of any description, 
mounted in Canada balsam or in damar varnish, are not suitable 
as test objects. To-day, the power of definition of a lens should 
be tested exclusively on living objects, such as infusion organ- 
isms, fresh blood corpuscles, saliva corpuscles, etc. The process 
of mounting in glycerine is simpler and easier than any other 
method, and, if all precautions mentioned are carried out with 
care, no change of the specimen will take place. True, glycerine 
specimens need more careful handling than balsam specimens, 
but their value is decidedly greater than that of the latter. 

In order to make glycerine mounting safe, it is preferable to 
delay applying the varnish for twenty-four hours, as the surplus 
water by that time will have evaporated. Should too little 
glycerine be used, the inclosing varnish will run under the cover 
and deprive the specimen of its neat appearance; should too 
much glycerine be left between the two glasses, it often happens 
that after months or years the glycerine finds its way through 
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the rim of varnisli, and the specimen becomes spoiled. As an 
inclosing varnish, asphalt dissolved in turpentine is generally 
used, though any other varnish answers the purpose if put on 
in sufficient quantity. The mounting and varnishing of glycer- 
ine specimens is easier with square than with circular covering- 
glasses. 

Staining. The ammoniacal carmine solution (Glerlach) is the 
most satisfactory for staining specimens obtained after hardening 
in chromic acid solution. To the best cochineal powder we add 
distilled water and a few drops of aqua ammoniae fortis, until 
the cochineal is completely dissolved. The amount of the car- 
mine solution to be poured into the saucer holding the sections 
depends on the concentration of the solution. The best way is 
to take but little carmine, and let it act on the specimen for 
twenty-four hours. The various compounds of carmine in use 
may be dispensed with, as all carmine staining is very unreliable, 
and, except for the handsome appearance it gives to the speci- 
men, of no material value. 

Haematoxylon (logwood) and eosine are re-agents used for 
alcohol specimens exclusively, but not suitable for chromic acid 
preparations. The action of the picric acid is kindred to that of 
chromic acid. Anihne colors as a rule are not fast, neither are 
solutions of picro-indigo. 

Osmic acid (M. Schnltze) in a one per cent, solution stains fat 
black in both the fresh and the preserved condition of the speci- 
men; it renders the contours of the tissue, especially nervous tissue, 
more distinct, but otherwise has a very limited value. 

Important re-agents are the nitrate of silver (Von Reckling- 
hausen) and the chloride of gold (Cohnheim) ; though specimens 
treated with either of these re-agents become indistinct after five 
or six years. Nitrate of silver is brought into contact, in a one 
per cent, or two per cent, solution (kept in black bottles), exclu- 
sively with fresh specimens, for only a few minutes, or used for 
injections into blood and lymph vessels. Distilled water is needed 
for washing off the re-agent. The solid nitrate of silver may be 
applied directly on dense tissues, such as cornea or cartilage, 
though the layers which come in direct contact with the stick 
are destroyed. Silver-stained specimens are suitable for glycer- 
ine mounting. 

Chloride of gold is invariably used in a one-half per cent, 
solution, and is fit for fresh and frozen specimens, as well as for 
those preserved in chromic acid ; in the latter case, after careful 
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soaking in distilled water. The exposure to this re-agent may 
vary from fifteen to sixty minutes, or even over this time. After 
the re-agent is washed otf with distilled water, especially for 
staining nerves, a few drops of acetic, tartaric, or formic acid 
may be added. Such specimens are mounted in glycerine. 

Absolute alcohol (Spina) is a re-agent which has recently 
become of importance for bringing to view certain features 
in the varieties of .connective tissue. The tissue is kept for onl}’- 
two or three days in alcohol, cut and examined in alcohol, but 
cannot be preserved. 

Injections. In order to render the vessels of a tissue plainly 
visible, stained liquids are driven into them. The best liquid is 
fine melted gelatine, stained red with carmine, or bine with 
soluble Prussian bine. As a rule, the injection is made into a 
larger artery, whence the liquid spreads through capillaries and 
veins. The artery is fastened to a small metal or glass tube 
fitting at one end the caliber of the artery, at the other end the 
caliber of the tube of the syringe or other apparatus. All other 
vessels must be ligated except one vein, which, by emptying 
the injected liquid, indicates a complete filling of the vascidar 
system. Both the gelatine and the tissue must be kept at a 
temperature preventing coagulation. The injection is made by 
a syringe, or by more complicated pressure apparatus, which 
latter, by their slow action, yield better results than the former. 
Injected specimens are placed and kept in alcohol, as the chromic 
acid solution destroys the colors added to the gelatine. Spon- 
taneous injection has been used on frogs. So-called parenehy- 
matons injections, in which colored liquids are driven with a 
pointed syringe directly into the tissue, were thought to be of 
great value at one time, but they are abandoned nowadays. 

How to ^Yor^^, with the Microscope. After a specimen is trans- 
ferred to the table of the stage of the microscope, and by the 
coarse adjustment or by pushing the tube is brought into focus, 
one hand is placed on the fine adjustment, the micrometer screw, 
and should not be removed during the examination. Both eyes 
must be kept open, and no ocular accommodative power exercised, 
as the careful handling of the micrometer screw renders accommo- 
dation snperfiuous. Every specimen should be examined at first 
with low powers of the microscope, and a gradual increase of 
the power is accomplished by changing the systems of the 
objectives. For illumination of the object we use dispersed day- 
light or kerosene-light, which latter is far superior to gas-light. 
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For low powers, the plane mirror and the large diaphragm are 
in order, while higher powers require the use of the concave 
mirror and small diaphragms. All powers of the microscope 
exceeding 800 diameters are reached to-day by immersion lenses. 
If an immersion lens be employed, the microscope should be 
placed at a certain distance from the window, or else kerosene- 
light be resorted to. For researches with immersion lenses in 
daylight, the time between eleven and two o’clock is the best, 
though light-condensing lenses placed below the level of the 
specimen may prove useful at other times of the day. 

As soon as investigation commences, the note-book and the 
pencil must be on hand, in order to fix every observation on 
paper, though even in no better shape than that of a rough sketch. 
Nobody can be a good observer with the microscope unless he is 
a draughtsman. If the eyes be not educated in seeing, and the 
hand in reproducing on paper what the eyes perceive, all efforts 
to gain correct ideas of what the microscope teaches are in vain. 
To see with the microscope is a difficult art, requiring many 
years of thorough education. The assistance of a reliable 
teacher cannot be dispensed with, for in the art of microscopy 
no autodidact can reach perfection any more than in any other 
art. Learn to draw, if you desire to see with the microscope. 

A number of devices have been invented for facilitating the 
drawing of microscopic specimens by means of prismatic glasses. 
All these are superfluous. If we want to represent a microscopic 
image on paper, exact in size and shape, we place the paper at 
the height of the stage of the microscope, very near the right 
side of the specimen. Looking, into the eye-piece with the left 
eye, keeping the right open, the image is seen projected on the 
paper, and the point of the pencil can exactly foUow the outlines 
on the image itself. 

A great deal of time is wasted by applying manifold staining 
methods to microscopic specimens, and they are deceived persons 
who imagine that the value of a specimen is the greater the 
nearer it approaches a rainbow appearance. In wasting time 
by projecting images on screens by means of complicated mechan- 
isms, many forget that microscopy can reaUy be learned only by 
handling the microscope, and both eyes and judgment can be 
educated only by looking into the microscope itself. Too great 
stress is laid, also, on photographing microscopic specimens. 
Those who are delighted with nice staining of microscopic 
specimens, splendid projections on screens, and large micro- 
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photographs, generally lose sight of the aim of the microscope. 
We have better things to do than to play with methods of stain- 
ing and projections. We study the relations of physiological 
and morbid appearances to their anatomical bases — a more serious 
and difficult task. Photographing microscopical specimens has 
reached its highest perfection in America, where technical talent 
is so remarkably developed. Although such photographs are 
useful in certain respects, their value should not be over- 
estimated, because they are indistinct wherever the specimen is 
not even, or shows several strata. Under such circumstances, 
photographs can hardly replace drawings made by an experi- 
enced and conscientious observer. 
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II. 

dENERAL PROPERTIES OP LIVINO MATTER.^ 


L IVING-, or organized, matter is the substance which builds 
up plants as weU as animals — the simplest infusorium as 
well as the most highly developed mammal. 

Chemistrij. The question what hving matter really is, cannot 
yet be answered from a chemical stand-point, and there is reason 
to doubt whether it ever will be settled, inasmuch as it is impos- 
sible to obtain pure hving matter in a quantity sufficient for 
chemical analysis. As every substance, also, the living matter 
must necessarily be composed of minute particles, which can 
never be seen, even with the highest magnifying powers, i. e., the 
simplest units, the so-called moleciiles, which admit of no further 
division. After Elsberg’s at present almost generally adopted 
designation, we shall term the molecules of the living matter 
plastidules.” Molecules, again, are composed of simple ele- 
mentary atoms, the quantity and nature of which give the 
essential character to every substance. While the molecules of 
inorganic bodies are formed by relatively few atoms, we know 
that the plastidules are much more complicated in their atomistic 
construction. Every plastidule is constituted by at least five 
elements, namely : carbon, oxygen, nitrogen, hydrogen, and 
sulphur. The nature of the union of these elements is a very 
complicated one in every plastidule, but not as yet elucidated. 
W e generally call the organic substances simply proteinates, or 

* ‘‘The Cell Doctrine in the Light of Recent Investigations, ” York 
Medico! Journal, 1877. 
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albuminates, comprehending by these terms both the living 
matter and its derivations or products. According to Hoppe- 
Seyler, the proteinates are composed of : carbon, 51.5 to 54.5 per 
cent. ; oxygen, 20.9 to 23.5 per cent. ; nitrogen, 15.2 to 17.0 per 
cent. ; hydrogen, 6.9 to 7.3 per cent. ; and sulphur, 0.3 to 2.0 per 
cent. 

Manifestation, of Life. While chemical examination has re- 
vealed very little of the intimate nature of living matter, we 
know certain properties to be essential to living matter as long 
as it is really alive, and we know, also, some of its morphological 
features, to as great an extent as direct observation is possible with 
our best modern magnifying apparatus. The physiological proper- 
ties are visible in every moving and growing organism, and they 
must be attributed to the minutest living particles as well as to 
the whole organism. W e consider living matter alive only so 
long as it exhibits to us certain physiological properties ; when 
motion and reproduction cease, it is dead. Life is evidently a 
peculiar kind of motion of the molecules (plastidules) of living 
matter, of a relatively short duration. A change of the motion 
is disease; cessation is death. The chemical changes of living 
matter are different during life and death ; , the former are mani- 
fested by motion and reproduction, the latter by decomposition, 
which means simphfication of the atomic construction. The 
shape of living matter is changed by decomposition, but by 
preservation we succeed in retaining the shape of the substance, 
which we know was oncie the seat of life, and microscopic 
morphology is largely based upon observation of dead but pre- 
served living matter. 

Properties of Living Matter. The physiological properties are 
mainly two: motion and reproduction — viz., the capability of 
producing its own kind. In speaking of the motion of living 
matter, we do not mean the motions to which every substance is 
subject, and of which hght, heat, electricity, etc., are peculiar 
manifestations. There are certain forms of motion dependent 
on the contractility or irritability of living matter which do not 
occur in inorganic bodies, nor in organic matter after it has 
ceased to be alive. This kind of motion enables living matter to 
work, at least to a certain limited degree, against the law of 
gravity. It is controlled by complicated laws, which we term 
the “ will and the spontaneity ” of living matter. According to 
M. Foster, the term ‘‘ automatic motion” is preferable to “ spon- 
taneous,” inasmuch as it does not necessarily carry with it the 
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idea of irregularity, and bears no reference to a “will.’’ This 
motion is of two varieties : one leading to changes of shape — the 
anicehoid motion ; the other to changes of place — locomotion. 
Both kinds are dne to a peculiar structure of the living matter 
in a certain stage of its development, and will occuj)y us after- 
ward. Here I will only mention that, in former times, locomo- 
tion was considered as a characteristic quality of animals. 
To-day we are aware that a great many of the low forms of 
vegetable life in different stages of development are endowed 
with locomotion, apparently depending on a certain degree of 
individual will. 

The property of producing its own kind is exclusively 
possessed by living matter, and is also of two varieties, viz. : 
production for the benefit of the individual itself, with the result 
of increase of size — groivth ; and production of new individuals 
— generation. We know that every Ihdng body is originally 
small ; the ovum of the largest animal is just perceptible to the 
naked eye, but it increases by taking up nourishing material 
from without — it grows. After having reached a certain size it 
does not grow larger, but only reproduces, renews the used-up 
material, until at last it ceases to renew anything, and then 
becomes what we term dead. To-day, scientists have arrived at 
the conviction that the building-material of plants cannot be 
essentially different from that of animals. With advancing 
knowledge of natural philosophy, the boundaries between the 
animal and vegetable kingdoms have more and more faded away. 
It is impossible, in many cases, to say exactly at which point of 
development an organism is a plant or an animal. 

It has been claimed that the only distinguishing character 
between plants and animals is that the former feed on simple or 
elementary inorganic material, while the latter take in organized 
food ; but this opinion can hardly be maintained, inasmuch as it 
is impossible to say how the lowest forms of animals are nourished 
at all. We know, moreover, through Charles Darwin’s researches, 
that there are carnivorous plants. 

Generation. The property of generation may be looked upon, 
in accordance with E. Haeckel’s definition, as a growth of the indi- 
vidual beyond its individual limits 5 at least, every organism must 
reach a certain degree of development before it is fit for propa- 
gation. It is known that among the lowest forms of organisms 
propagation takes place without sexual intercourse, whereas there 
is a division of labor among the higher organisms, both vegetable 
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and animal; in the former case, one individual gives rise to anew 
one ; in the latter, two individuals (male and female) are required 
to produce a third. It is known, furthermore, that the simplest 
form of propagation is division, when one individual, after having 
increased in size, splits into two organisms of smaller size. A 
variety of this process is the gemmation : e. <7., a small hud, 
growing from the surface of the mother-body, becomes gradually 
pedunculated, and at length separates by breaking of the pedicle, 
and forms a new individual. Another variety is the “ endogenous 
formation,’’ in which a lump originates and grows within the 
mother-body, and is freed afterward through bursting or active 
perforation of the mother. Essentially all these processes are the 



Fig. 1. — Diagram of Generation. 


The series A represents simple division. Tlio body at first shows a slight imi)ression ou tho 
peviijhery of tlie nucleus, a ; the impression becomes deeper ou the nucleus and visible on the 
body, b ; the nucleus has separated into two nuclei, and the two halves of the body are connected 
by a thin pedicle, c ; two new individuals have been formed by breaking of the pedicle, d. 

The series B represents the (/eneration hy yemmation or exogenous formation. The body 
projects a solid, homogt'ueous bud of living matter, a; the bud is attached to tlie mother- 
body by a broad pedicle, b ; the bud, by taking into its interior some liquid from without 
became vacuoled, and is attached to the mother-body by a very thin i>edicle, c ; the i)edicle 
has broken, and two new individuals are formed, the original bud having assumed the struct- 
ure of the mother- body, d. 

The series C represents the yeneration by endogenous formation. The body exhibits by the 
side of tlie nucleus a larger lumi> of living matter, growing from a small granule, a ; tlie lump 
has grown larger and become attached to the wall of the mother-body by a pedicle, at the 
same time around the lump a space has foimed, closed by a flat layer of living matter, 6 ,■ the 
lump has become enlarged and supplied with vacuoles, c ; the lump, now of the structure 
of the mother-body, has escai)ed through a perforation of the wall of the mother, d. 
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same, and the main form of propagation is always a division. 
Even in the most highly developed mammals the embryo originally 
forms a part of the mother-body, and, after having grown, by 
internal gemmation or endogenous production, up to a certain 
size, separates from the vehicle, the womb, and represents a new 
individual. (See Fig. 1.) 

Remak was the first to draw attention to the three forms of 
propagation, but he was not aware of their being materially 
identical, though morphologically different, manifestations of one 
and the same process. 

There is a striking peculiarity about generation, viz. : the 
resemblance of the newly formed body to the producing organ- 
isms, the parents. It is an easy matter to understand that both 
individuals will be alike in a case of simple division, because both 
formerly made one single body ; but how shall we explain the 
remarkable fact that, in higher animals, the offspring so closely 
resembles the progenitors, though oidy very minute parts of 
these — the ovum and the spermatozoids — contributed to give 
rise to a new individual ? 

The opinion of E. Hering, that organized matter is endowed 
universally with an “uuconseions memory,” a function upon which 
depends, besides the capacity of imagination, of thinking, of 
habit, also nutrition and propagation, is not an available one. I 
therefore take into consideration only the three modern hy- 
potheses of Charles Darwin, Louis Elsberg, and Ernst Haeckel. 
Darwin promulgated in 1868 the Provisional Hypothesis of 
Pangenesis,” which consists essentially in the assumption that 
through all stages of development the living cells or units of the 
l)ody throw off small granules, or “gemmules,” which accumulate 
to form the sexual elements ; and all the cells of the body, there- 
fore, participate indirectly in the new formation of organisms. In 
1872, Elsberg published his theory of the “ Regeneration or Pres- 
ervation of the Plastidules.” He lays down the proposition that 
the germ of every living individual contains plastidules of all its 
ancestors ; so that these are bodily regenerated in their offspring, 
simply because bodily particles are preserved directly from gener- 
ation to generation. In 1875, Haeckel announced the hypothesis 
of the Perigenesis of the Plastidules,” according to which, in 
opposition to the opinions of Darwin and Elsberg, no regeneration 
or preservation and transmission of plastidules takes place, but 
only a transmission of motion through inheritance. 

Among these theories, I confess that that of Elsberg seems 
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to me the most probable one, inasmuch as it tries to explain why 
certain properties of ancestors, even in the second or third 
generation, may re-appear ; why bodily and mental peculiarities 
are directly transmitted from parents and grandparents to their 
olf spring. With this theory, which suggests a direct increase 
of plastidules within a limited bulk of living matter, we may 
readily understand why, with progressive development of a 
species, a perfection takes place which leads to the production of 
more and more advanced beings from relatively lower ancestors. 
Haeckel’s view can scarcely be supported so long as we know 
that a change of motion as function is always due to a material 
cause, namely, change of molecules in quality and quantity. All 
this is speculation only, though entirely legitimate as an attempt 
to bridge over precipices which present insurmountable obstacles 
to the passage of our intellect. 

Historical Shdcli of the Stadi/ of Livincf Matter. In 1885, 
Dujardin discovered a contractile substance common to low 
animals, which he termed sarcode,” but he was far from the 
knowledge that this substance exists in all animals, believing it 
to be peculiar to the lowest forms. After Schleiden, of Jena, in 
1838, discovered the form-elements of plants, and proposed for 
them the name of “ cells,” Theodor Schwann, of Berlin, in 1839, 
found a striking analogy between the intimate structure of 
vegetable and animal organisms, and asserted that the cells” 
are the simplest constituent parts of all tissues of the animal 
body as well as of the plant. In his opinion, each cell is a 
vesicle composed of a transparent membrane, containing a 
fluid in which is suspended a central solid body, the nucleus. 
Schwann beheved that cells may originate in a substance, the 
IDlasma, independently of former cells, and through the authority 
of Johannes MiiUer, who fully accepted Schwann’s doctrine, this 
became the leading one, so that even 0. Rokitansky held at first 
that the plasma of the blood may, under favorable circum- 
stances, produce cells. It was the discovery of Rudolph Vir- 
chow, in 1852, that the cells are really the seats of hfe, and that 
every cell must originate from a former cell : Omnis cellula e 
cellula. VirchoAV, however, adhered to Schwann’s original idea 
as to the construction of cells, although a very simple considera- 
tion will show that this cannot be correct — viz., the consideration 
of the fact that no hving material is ever a fluid, but ahvays 
either a solid or a jelly-hke, semi-fluid substance. The next 
who advanced the cell-theory was Max Schultze, of Bonn. He 


GENERAL PROPERTIES OF LIVING MATTER. 


19 


showed, in 1861, that changes of form, locomotion, and division 
are impossible to corpuscles surrounded by a resistant mem- 
brane ; he maintained that the smallest individual elements of 
organisms are lumps of a jelly-like matter endowed with life, for 
which he proposed, for good reasons, in accordance with the 
G-erman botanist, !l^ngo von Mold, the term “ protoplasm.” This 
jelly-like substance is identical with Dujardin’s “ sarcode.” Max 
Schnltze was the first to announce that the living matter of the 
infusion-animalcules and that of the cells of all animals are one 
and the same substance. The cell consists, according to this 
observer’s views, of a minute particle of protoplasm, in which 
there are imbedded the nucleus and grannies. In the same year 
(1861), E. Briicke, of Vienna, though accepting Max Schnltze’s 
^dews, asserted that the nucleus is not an essential part of the 
cell, as he knew of many living lumps without any nucleus. 
Briicke defined the “ cell,” for which he also proposed the name 
of “elementary organism,” to be a structureless lump of pro- 
toplasm ; though fnUy aware of the necessity of the existence of 
some structure, as in every substance, he regarded the structure 
of the cell as imperceptible to our senses. S. Strieker, in 
accordance with Briicke, in 1868, explained that the cell is 
nothing but a particle of structureless protoplasm, usually con- 
taining grannies, but that these grannies are not essential 
characteristics. He especially examined the form-elements of 
the ovnla of frogs whde studying their development, and 
observed in these elements hyaline flaps, which he took for pure 
protoplasm, whereas the greater part of the protoplasm was 
filled with granides, or particles of yoke. The fact that every 
living lump is capable of taking in foreign minute corpuscles, 
granules of carmine or aniline, for instance, from without, led 
him to the conclusion that protoplasm, perhaps, is devoid of any 
Msible structure, while the visible granules are secondary prod- 
ucts of the protoplasm, or foreign substances accidentally taken 
into the interior of the protoplasmic lump. S. Strieker, in his 
“ Histology,” discusses the question, “ how large the lump of 
protoplasm must be to be entitled to the name of ‘ceU,’” and 
comes to the conclusion that we should call a living corpuscle a 
“ceU” only when we perceive in it the properties of a hving 
organism — viz., growth, motion, and reproduction. Lionel Beale 
(1860), independently of Max Schultze’s doctrine, announced sim- 
ilar views, arriving, however, at conclusions quite different from 
those of German biologists. Apparently his microscopes, al- 
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though magnifying very much, did not show him the details 
within the protoplasm, and thus, judging especially from carmine 
staining, he asserted the nucleus to be living or ‘^germinal” 
matter, while a great deal of protoplasm was to him identical 
with the basis-substance of connective tissue, and he termed this 
the “formed material,” designating by this term even the most 
active tissues, the muscles, and nerves. 

Since M. Schultze’s proposal, the term “protoplasm” has 
largely been used, and my own researches in 1872 began on the 
basis of the cell doctrine, as understood at that time, viz. : that 
each cell is a structureless lump of protoplasm. , 


( 

III. 


THE ARRANGEMENT OF THE LIVING MATTER 
IN “PROTOPLASM.”* 


T his chapter was published in 1878, in German. Niue years 
of continnons observation have corroborated all the facts 
published, and I simply translate from the German what I said 
in 1873. 

Amoehm. On watching a slowly moving amoeba, obtained 
from an infusion, with high amplifications of the microscope 
(1000-1200 diam. immers.), we see the following : In the body 
of the amoeba is imbedded a globular, homogeneous, pale gray 
nucleus. This is surrounded by a narrow light rim, which is 
traversed by delicate grayish threads. Many of these threads, 
often visible only temporarily, are conical ; all of them emanate 
at their base from the nucleus, and have their point directed 
toward the periphery of the amoeba. Each point blends with one 
of the gray granules scattered throughout the body of the 
amoeba. Many of the granules again are connected with their 
neighboring granules by means of filaments, so as to convey the 
impression that the amoeba is traversed by an extremely delicate 
net-work, whose points of intersection are the granules. The 
outer contour of the amoeba consists of a continuous thin layer 
of a slightly shining substance, into which penetrate filaments 
of the most peripheral granules. 

* Untersuchungeii iiber das Protoplasma. I. Bau des Protoplasmas. Sitz- 
ungsber. der Kais. Akademie der Wissenscbafteii in Wien. April, 1873. 
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On some amoebee during the locomotion the following obser- 
vations can be made. Most favorable for this study are amoebae 
containing a certain number of foreign bodies. The droplet of 
the infusion should not be taken too large, as a floating amoeba 
changes its shape, but not its place. The creeping begins after 
the amoeba, if little fluid be present, reaches the surface of the 
covering-glass or the slide. 

We notice that in a central portion of the body, near the 
nucleus, the grannies approach each other, slightly increasing in 
size, and that foreign bodies accidentally present between them 
are retained. At the periphery of the body corresponding to 
the contracted portion, a bulging of a pale protrusion takes place 
simultaneously; in this protrusion a delicate reticulum is, at 
first, still recognizable. The more the protrusion bulges out, the 
more it flattens on the surface of the glass, the more does the 
reticulum fade, until there is left only a light, structureless flap. 
In a moment, the foreign bodies then rush into the hyaline flap, 
followed by a floating of the grannies of the protoplasm,* and 
the body of the amoeba, including the nucleus, is dragged toward 
the protruded portion, which, meanwhile, has re-assnmed the 
reticular structure; in other words, the locomotion is accom- 
phshed. 

In infusions over one week old we find in almost ever}' 
amoeba coarse, shining grannies, in varying number. The 
nucleus of such an amoeba, which I briefly call an old one, often, 
instead of looking homogeneous, contains one or several minute 
cavities^ vacuoles. Such vacuoles sometimes appear in the body 
of the amoeba, too, and each vacuole is seen bounded by a con- 
tinuous thin layer of a shining substance. Not infrequently, 
two vacuoles coalesce by the breaking of the thin separating 
layer, and thus, at first, an hour-glass shaped, later, a roundish 
cavity, is established. The vacuoles may disappear, as a rule, 
suddenly, and in their place the reticulum becomes visible, just 
as in the rest of the body ; sometimes within a vacuole, one or 
more grannies are seen in an oscillating motion. 

Upon placing a drop of glycerine at the edge of the covering- 
glass, each amoeba contracts into a homogeneous, yellowish, 
shining, and immovable lump the moment it is reached by the 
glycerine. Here and there a small vacuole is perceptible in such 

* W. Kuelino has already observed the floating of the granules in the 
amoeba. Untersuchungen iiber das Protoplasma und die Contractilitaet. 
Leipzig, 1864. 
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a liimj). Some of the lumps remain in the shape described; 
most of them, however, after a few minutes, gradually resume 
the granular condition with increase of their circumference ; at 
the same time they become globular and again nucleated. Such 
an amoeba remains motionless. 

In stdl older infusions, amoebm make their appearance which 
are characterized by large size, slowness of locomotion, and the 
property of pushing out radiating offshoots. Such amoebee 
are especially sensitive to the action of distilled water. By 
placing a drop of distilled water at one edge of the covering- 
glass, and draining oft' the infusion water from the opposite 
edge, the following observation was made : Instead of long, 
radiating offshoots, broad and short flaps were protruded, the 
long offshoots already present were gradually retracted, and loco- 
motion ceased. Slowly the amoeba assumed a blunt, polygonal 
shape. In its body vacuoles appeared, at first small, gradually 
larger ; the nucleus became indistinct, and afterward completely 
faded away. Some of the granules, with jerking movement, 
united into larger groups, whde others were seen to float in larger 
meshes. The more the number of such free granules increased, 
the more the amoeba approached the globular shape. At the 
same time, many small vacuoles coalesced into a single large one, 
and a globular protrusion at the periphery of' the body resulted. 
Both the protrusion and the body of the amoeba were seen to be 
inclosed by a continuous shining layer. Within the vacuole, 
small granules moved about. In the meantime the jerking 
motion of the grouped granules had ceased, and the number of 
the floating ones became considerably augmented. 

This description of the appearances after addition of water is 
taken from one amoeba ; but all amoebae of the radiating variety, 
under similar circumstances, exhibited the same features. 

Blood-corpuscles of the Graw-fisli (Astacus). In a drop of 
blood, transferred, from a broken limb of a living fresh craw-fish 
upon a slide, and covered with a covering-glass oiled on its edges, 
we recognize the blood-corpuscles with moderate powers of the 
microscope. E. Haeckel * found these corpuscles to be amoeboid. 
Two kinds of such corpuscles are noticeable, viz. : pale and finely 
granular ones with nuclei, which are either large and pale or small 
and coarsely granular ; and, second, others having only coarse, 
yellowish, very shining granules. The granules of the latter 
kind, as a rule, encircle light spaces containing scanty granules. 


Ueber die Gewebe des Flusskrebses. Muller’s ArcMv. 1857. 
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If at the ordinary temperature of the room we watch a pale 
corpuscle, we recognize light offshoots slowly changing their 
shapes, which protrude from the periphery of the corpuscle, while 
the groups of the granules in the protoplasm are also changing 
their shape and location. The latter changes consist in an alter- 
nating accumulation and separation of the granules, or their 
transformation into a delicate reticulum. 

Almost every coarsely granular body shows under a high 
amplification the following, in the course of from half to one 
hour : Each single granule at first represents a globular, yellow- 
ish, very shining body, which is separated from its neighboring 
granules by a light, narrow rim, and this rim is traversed by 
rather indistinct delicate spokes, connecting each granule with 
all its neighbors. Each granule continually changes its location, 
the more noticeably the greater the distances between the single 
granules. At the same time, hyaline fiaps begin to protrude from 
the periphery of the granular blood-corpuscle. Soon each gran- 
ule becomes flattened, cup-shaped, and all of them are now seen 
distinctly connected by gray spokes. Meanwhile the circumfer- 
ence of the whole body has enlarged. Next, in every single 
granule there appear one central or two excentric vacuoles, which 
by enlarging and coalescing hollow out the granule so as to make 
it look like a single or double shell, or ring. Two or more hollow 
granules suddenly coalesce and are transformed’ into a delicate 
reticulum, to such an extent that in place of the former coarse 
granules a pale, finely granular protoplasm has made its appear- 
ance. Inside of it a hollow body becomes visible, inclosed by a 
relatively thick and scolloped shell, and containing several coarse 
granules. Such a body, in accordance with our usual terminology, 
must be called a nucleus. 

The pale protoplasmic bodies come from coarsely granular 
ones, continue for a time to change their shape ; the nucleus and 
its granules (thfi nucleoli), on the contrary, from the moment 
they have appeared, do not change. 

Upon adding a one-half per cent, solution of chloride of gold 
to a fresh specimen of blood, the liquid was transformed into a 
finely granular coagulum. The pale protoplasmic bodies had be- 
come globular, and the coarsely granular transformed into many- 
shaped masses, having in their interior a delicate reticulum 
surrounded by a continuous layer. In both kinds the nuclei 
remained coarsely granular and coarsely reticular. After one 
hour, the solution of gold being drained off, and the specimen 
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exposed to daylight, the yellow, shining substance which produces 
the reticulum in the protoplasm and its nucleus assumed a 
violet color, while the substance within the meshes remained 
uncolored. * 

Blood of the Newt (Triton). In a drop of blood of the newt, 
transferred to the glass slide and covered with a covering-glass 
oiled on its edges, we can observe the motion of the colorless 
blood-corpuscles for hours at the temperature of the room. The 
changes of shape result from a protrusion of light flaps and 
granular offshoots of varying breadth, and sometimes of con- 
siderable length, from the periphery of the protoplasmic body. 

Many finely granular bodies exhibit in their interior a con- 
tinuous change of the grouping of the granules. Especially 
after addition of a one-half per cent, solution of chloride of 
sodium, during the locomotions of the body, vacuoles arise, and 
the inner surface of the wall of many vacuoles looks jagged, as 
if beset with torn points. For moments the whole body is 
vacuoled, the smallest, just perceptible, vacuoles being transitions 
to still smaller meshes, the filaments of which show pale gray 
granules as points of intersection ; this appearance is only tem- 
porary, as the next moment most, or even all, of the vacuoles 
may have disappeared. 

In fresh blood, some coarsely granular colorless blood-cor- 
puscles distinctly show filaments emanating from the granules. 
With the assistance of an immersion-lens. No. 15 of Hartnack, 
I became convinced that, during the locomotion of the corpuscle, 
the single granules continually keep changing their size and 
shape, as well as their location. 

In the blood of newts which had been kept all winter, the 
nuclei of many colored blood-corpuscles were visible, both imme- 
diately after the mounting of the specimen and after it had 
remained a time on the glass slide. Each nucleus exhibits a 
number of coarse, very shining grannies, some of which show 
filaments that are united with the neighboring granules. The 
nucleus is bordered by a continuous layer of a substance of the 
same refraction and color as the granules. There is often seen 
around the nucleus a very narrow light rim, which at times 

* According to N. Lieberkiilin (Uebor Bewegungsersclieinungen der 
Zellen, 1870), in blood-corpuscles of many caterpillars there exists a space 
between the contractile layer and the nucleus which is traversed by fila- 
ments extending from the inner surface of the contractile layer to the outer 
surface of the nucleus. 
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looks traversed by delicate radiating spokes, lost to siglit in the 
colored portion of the blood-corpnscle. 

The specimen shows nmnerons free bodies of the aspect of 
nuclei of red blood-corpuscles, and the surface of many of such 
bodies is beset with pointed, as if irregularly torn, filaments. 
Besides, there are globular bodies in smaller number, which 
decidedly surpass the size of these, though they are coarsely 
granular, and inclosed by a shell, like the nuclei. Neither of 
these formations exhibited locomotion at the ordinary tem- 
perature of the room. 

Colorless Blood-Corpuscles of Man. I have transferred to the 
heating stage my own blood, which I took from a small prick of 
the palmar surface of the thumb. No structure was recognizable 
in the shining coloiiess' corpuscles at the temperature of the 
room. As soon, however, as the temperature of the specimen 
reached about 30 deg. C. (86 deg. F.), the colorless blood-cor- 
puscles — I mean the finely granular ones, resting in plasma 
encircled by red blood-corpuscles — always exhibited the follow- 
ing features : 

In the center of the corpuscle one or two gray, opaque, homo- 
geneous lumps made their appearance. From every lump 
emanate radiating conical spokes, which unite the two lumps, 
when such exist, or which are directed toward the periphery of 
the body and inoscmlate with a net-work traversing the whole 
corpuscle — a net- work the points of intersection of which appear 
shghtly thickened, in the shape of nodides, or granules. On the 
periphery of the coiq^uscle the reticulum is inclosed by an 

ap])arently (‘ontinuous, somewhat 
shining, layer. The central lump, 
the spokes, and their nodules are 
identical in their optical features, 
while the mesh-spaces give the im- 
pression of light, structureless 
fields. (See Fig. 2.) 

As the temperature of the speci- 
men rises gradually toward 35 deg. 
C. (98 deg. F.), continuous changes 
of shape occur, both in the central 
lump and in the net-work of the 
corpuscle. Simultaneously with 
changes of the shape of the latter, a smaller or greater portion 
of the central body at times is transformed into a reticulum, 



Fig. 2. — Diagram of a Living 
Colorless Blood-Corpuscle. 
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while, in the rest of the corpuscle, coarser groups of granules 
arise, with either no mesh-spaces or else very narrow ones* The 
groups at times are dissolved, and re-appear in different places, 
and such alternations continue even when the temperature is 
gradually lowered. 

In one colorless blood-corpuscle (temperature 23.5 deg. C., 
73.6 deg. F.), a vacuole made its appearance, in which a torn 
granule oscillated. I observed that the granule changed its 
shape, and, at its periphery, delicate filaments appeared and 
disappeared. On one occasion, three unusually long filaments 

were thrown out so as to reach 
the wall of the vacuole, where- 
upon the vacuole suddenly disap- 
peared. Afterward, a new vacu- 
ole, containing a granule, pre- 
sented itself in nearly the same 
place; but this vacuole became 
dumb-bell shaped and enlarged 
by the rupture of the wall of a 
neighboring vacuole. StiU later, 
the whole blood-corpuscle was 
transmuted into a vacuoled lump, 
which continued to change its 
shape, though very slowly. (See Fig. 3.) 

In some blood-corpuscles, small, vesicular nuclei, Avith dark 
contours, and constantly one or two 
nucleoh, often arose at an ascending 
temperature below 30 deg. C. (86 deg. 

F.). Such nuclei, on raising the tem- 
perature, originated in different places 
of the corpuscle, as I could directly 
observe, from pale gray, compact 
lumps, devoid of a dark contour. In 
addition to the larger, distinctly bor- 
dered nuclei, up to the number of four, 

I also met with a varying number of 
smaller nuclei. The nucleoli within a 
dark-contoured nucleus possess deh- 
cate radiating spokes, which go to the boundary layer of the nu- 
cleus. The boundary layer, invariably surrounded by a light 
rim, sends off numerous spokes, and these inosculate -with a net- 
work traversing the whole corpuscle. (See Fig. 4.) 


Fig. 3. — Diagram op a Vacuoled 
Blood-Corpuscle. 



Fig. 4.— Diagram of a Dead 
Blood-Corpuscle. 
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Blood-corpuscles in whicli nuclei of the above description had 
originated, did not materially change their shape, even if the 
temperature was raised up to 35 deg. C. (91 deg. F.) ; the only 
noticeable change consisted in a temporary bulging from the 
periphery of the corpuscle, of a hyaline flap which slowly increased 
in size. In such a flap, no structure was perceptible, but some- ‘ 
times very small vacuoles, which were invariably inclosed by a 
somewhat denser, slightly shining substance. 

Colostrum Corpuscles. The colostrum, as is well known, holds 
a variable number of protoplasmic lumps, which sometimes 
contain fat-granules, and, as first , demonstrated by S. Strieker,* 
upon raising the temperature up to 40 deg. C. (104 deg. F.), 
change their shape and location — therefore are alive. If we 
look, with an amplifleation of an immersion-lens. No. 15 of 
Hartnack, at a pale lump ever so small, which, with lower powers 
appears to be structureless, we find in every one of them, even 
though a nucleus be wanting, a reticulum identical with that of 
a colorless blood-corpuscle. The points of intersection of the 
reticulum are granules, either very small and pale gray, or 
somewhat larger and glistening. Some granules exhibit the 
peculiar luster of fat, but are in connection with the rest of the 
corpuscle by means of delicate filaments. Larger droplets of fat 
apparently lie isolated in the mesh-spaces. The author named 
has proved that grannies of fat may be discharged from the 
protoplasma during its contractions. 

In the foregoing, I have collected a number of facts, observ- 
able by every one who has a well- versed eye and a good lens. I 
now proceed to draw conclusions from my observations. 

First, it is obvious that a reticulum in protoplasm, as con- 
ceived but not seen by E. Briicket and S. Strieker, | is visible. 
The protoplasm, therefore, is not structureless, but has a reticular 
structure, and the granules are not foreign, but belong to living 
protoplasm, being the points of intersection of the reticulum. 

The Nucleolus^ the Nucleus., and the Granules., with their Con- 

* Ueber contractile Korper in der Milch der Woclmerin. Sitzungsber. der 
Wiener Akad. d. Wissensch. 18G6. 

t Ueber die sog. Molecularbewegung in thierischen Zellen, insonderheit 
in den Speiehelkorperchen. Sitzungsber. d. Wiener Akad. d. Wissensch. 
1863. 

t Untersuchungen iiber das Leben der farblosen Blutkorperchen des 
Mensehen. Sitzungsber. d. Wiener Akad. d Wissensch. 1867. 
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necting Filaments^ are the Living, or Contractile Alatter Proper. 
This solid matter is suspended in a non-living, not contractile 
liquid. In other words, the contractile matter in niesh-spaces con- 
tains and, as a shell, incloses, a non-contractUe fluid matter, which 
latter cannot he simple water, as the 
phenomena of dilfusion prove. 

Starting from the condition of rest /"iT 

of the protoplasma as it appears in a | A 

colorless blood-corpuscle which has / \ 

just become dead, we may consider / T \ 

every granule as a central portion of ( I 1 

contractile matter, which connects / 

with that of its neighbors by means V / 

of narrow bridges. (See Fig. 5.) \/ / 

Contraction consists in an in- 
crease of the size of the granules, 

and their approachment to each Fig. 5.— Diagram of Rest. 
other. Hereby the filaments are ob- 
viously shortened for the benefit of the granules. (See Fig. 6.) 

Tetanus I will term the condition which I observed in 
amoebse brought in contact with glycerine. It is caused by an 
intense contraction of the living matter. (See Fig. 7.) 


Extension, on the contrary, consists in a decrease of the size 
of the granules until they almost disappear, with their simul- 
taneous moving apart, and an elongation of the filaments at their 
expense to apparent fading of the structure, as in the hyaline 
flaps. (See Fig. 8.) 



Fig. 6. — Diagram of 
Contraction. 


Fig. 7. — Diagram op 
Tetanus. 
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111 addition to these differences in the shape of living matter, 
I would mention the swelled globule (Qnelliingskiigel). This shape 
occurs under the intlnence of a liquid less concentrated than that 
held in the protoplasma, as, for in- 
stance, on addition of distilled water. 

Some authors have considered this as 
the condition of rest. It is preceded 
by a jerking of some groups of gran- 
ules, without change of the general 
shape of the protoplasmic body. At 
the same time many grannies are 
torn asunder, and float about in the 
mesh-spaces, which have become en- 
larged by numerous ruptures. 

Increase of the liquid in the proto- 
plasm is accompanied by formation 
of vacuoles. In the liquid contained in 
the vacuole, granules torn off float 
about, and may throw out filaments ; these filaments may extend 
so far as to reach the wall of the vacuole. In such a case the 
latter instantaneously disappears, and the former condition of 
the net- work is reestabhshed. 

Should the wall of a vacuole near the surface break in con- 
sequence of an increasing tension, or that of the protoplasmic 
body itself break, the protoplasmic liquid will escape in the first 
instance ; while in the second, a piece of the protoplasmic body 
may be torn off', the debris of which, to the minutest grannie, ai’e 
still viable. Or the whole reticulum may break down, and the 
surrounding liquid, water, not favoring the life of the contract- 
ile matter, deprives every particle of its life. 


n 



Fig. 8. — Diagram op 
Extension. 


Analysis op the Assertions Made in 1873. 

The reticulum in the “ protoplasm ” was seen and depicted hy Nasmyth 
(1839), in corpuscles which to-day are known to be the covering epithelia of 
the tooth ; by C. Frommann (1867) in “ganglion-cells,” and by others in the 
same and other corpuscles. What I have described, is a reticular structure 
of the “protoplasm” as a universal occurrence, and my assertions have 
since been corroborated by all good observers. 

In , 18 77, I added the following remarks : * 

* “The Cell Doctrine in the Light of Decent Investigations,” Aew York 
Medical Journal, 1877. 
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“ The fixlly developed protoplasmic body is constructed like a sponge, but, 
at the same time, inclosed on all sides by the same substance which forms 
the trabeeulse of the sponge — the trabeeulas and the shell being the living 
matter. 

“An analysis of the observations of the living protoplasmic body teaches 
us that there can be distinguished mainly three different appearances of the 
net-like living matter — namely, that of rest, that of active contraction, and 
that of passive extension. 

“In the state of rest, as seen in a motionless amoeba, or immediately after 
death, the granules are almost uniformly distributed throughout the pro- 
toplasm, united with each other by slender threads, tlie bridges of living 
matter. 

“In contraction, we observe an enlargement of the granules by shortening 
of their uniting threads and approximation to each other. Nothing lias been 
added to the living matter and nothing lost from it ; only the distribution of 
the plastidules has changed, leading to the narroAving of the net-Avork, and a 
partial expulsion of the fluid formerly contained in its meshes. Contraction 
is the active property of liAung matter, and on it are based the simple change 
of shape and the locomotion of the whole organism. 

“Extension depends upon a decrease of size of the granules, with a 
removal from each other and an elongation of the xiniting threads at the 
expense of the bulk of the granules, even to the disappearance of all 
structure. The extension takes place in a passive manner ; the fluid con- 
tained in the meshes of the Ihdng matter is pushed out toAvard the peripliery, 
and there leads to the formation of a protnidiug offshoot — the hyaline flap. 
At the beginning of the protrusion we still observe in the flap the presence 
of structm’e, while at the highest point of extension the structure can no 
longer be seen, because granules and threads haAm been elongated to their 
utmost capability. We may compare this phenomenon to the extension of 
glass rods, melted on a flame until the threads become so thin as to disap- 
pear to the naked eye. 

“ These three states of living matter explain to us not only the movement 
of a simple protoplasmic lump, but also the action of the most highly developed 
muscles, which, as I have demonstrated, are entirely identical in their 
structure with the simple amoeba. Were the amoeba a sponge without an 
inclosing layer of liAung matter on its surface, every contraction Avould lead 
to an escape of the fluid, and no locomotion would be possible ; the pres- 
ence of an outer, although very thin, layer of liAung matter is necessary to 
the various movements of living protoplasmic bodies. 

“ By adding a drop of glycerine to the creeping amoeba, or to any pro- 
toplasmic body, Ave can bring about a fourth state of living matter, viz., 
the highest degree of contraction, for Avhich S. Strieker and I have proposed 
the term ^ tetanus.’ The fluid of the protoplasm being suddenly extracted 
by the glycerine, all granules floAV together, forming a structureless lump of 
much smaller size than that of the original corpuscle, without Ausible limits of 
the single granules. A rehabilitation of the former net-like structure is pro- 
duced by taking aAvay the glycerine and adding water, Avithout reestablishment 
of motion. 

“All these changes of living matter can be directly seen under the 
microscope. But we cannot observe the formation of a flat, extended layer 
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at the boundaries of the whole body, at those of a hollow nucleus and of every 
vacuole. I therefore had to have recourse to the hypothesis that a granule 
may send out olfshoots in great number, leading to the disappearance of the 
central mass, and that these olfshoots, melted together, may produce a con- 
tinuous layer. By the union of many such areas an extensive layer could 

be produced, large enough to cover in the 
whole protoplasmic body. (See Fig. 9.) 

“The presence of a layer of living sub- 
stance on the outer surface of the body ex- 
plains to us why every protoplasmic lump can 
so easily take np foreign bodies, and why 
vacuoles can form and disappear almost sud- 
denly. *We must imagine that the living 
matter is capable of entering any of the de- 
scribed states at any time, so that a flat 
layer, for instance, may immediately change 
into a net-work, and vice versd. When the 
lump swells up through the addition of water, 
the granules are torn apart and float freely in 
the fluid, as occurs in swelled amoebse and 
saliva-corpuscles. The breaking of the outer 
shell, with escape of minute particles of the 
amoeba, still endowed with life, and the process of the division, can also 
easily be understood. . . . 

“In conclusion, I may draw attention to the fact that the amount of 
living matter varies greatly within a limited bulk of protoplasm, both in 
normal and morbid conditions. The colorless blood-corpuscles of persons ex- 
hibiting signs of lymphatic, strumous, scrofulous constitution, contain much 
less living matter than those of strong, vigorous persons. Further examina- 
tions will in all probability teach us to make use of these differences for 
practical purposes. I announced three years ago that the protoplasmic lumps 
forming tubercle are characterized by a relatively small amount of living 
matter. Last year I published my observations on pus-corpuscles, which 
enable me, from the relative amount of living matter contained in an indi- 
vidual corpuscle, to say from what kind of organism such a pus-corpuscle 
is formed; whether the person from whom the pus comes is healthy and 
strong, or weakened by chronic disease, as tuberculosis.” 


E 



Fig. 9. — Diagram of the 
Flat Layer. 


The idea of a structureless protoplasm was little satisfactory. 
Since 1873 this structure is known to be reticular, though the 
reticulum itself, with all its nodulations , allows of no further 
discrimination of structure. How complicated the reticular or 
filamentary structure of the nucleus may be, is brought to evi- 
dence by the researches of Auerbach, Flemming, E. Van Beneden, 
0. Hertwig, and others. The radiating “ suns” as they appear 
in the process of division of the nucleus, the Karyokinesis” 
of Flemming, become explicable by the presence of a substance 
able to grow, to move, and to assume different shapes. 
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Onhj a Part of Protoplasm is Living Matter. The main stress 
is to be laid on my assertion that not the whole mass hitherto 
termed protoplasm is endowed with properties of life, but only 
a part of it — the living matter proper. As I shall later on 
demonstrate, the living matter appears first in the shape of a 
solid, homogeneous, apparently structureless granule, which by 
growing, by taking in liquid, and by splitting into a reticulum, 
becomes what has been termed protoplasm. Protoplasm., there- 
fore, is only one stage in the development of living matter, and by 
no means its exclusive appearance under the microscope. 

The two main properties of living matter, motion and 
growth, are possessed by every, even the smallest, lump of living 
matter. The motion is relatively little marked in a solid lump, 
and becomes the more evident the more the living lump has split 
up into a reticulum, the more it has assumed the appearance of 
protoplasm.’’ Grrowth, on the contrary, is a marked property 
of every granule of living matter; on the increase of its size 
depends generation, formation of complicated organs and organ- 
isms, and new formation, so striking in infiammation and in 
tumors. All varieties of generation (see page 16) are due to 
a motion and growth of the living matter, while the protoplasmic 
liquid, probably nitrogenous too, a substance of secondary for- 
mation, is a carrier of nutritive and used-up material of the living 
matter. The formation of basis and cement substance, and the 
process of secretion, furnish direct proofs of the significance of 
the protoplasmic liquid. 

Chemical Re-agents. Very little is known as to chemical tests 
of living matter. Carmine solutions, as a rnle, stain it, and 
this explains why the nucleus, which holds a good deal more 
living matter than the rest of protoplasm, is more deeply stained; 
the action of hsematoxylon (in alcohol specimens) is similar ; 
chloride of gold renders living matter violet ; but neither are 
absolutely reliable. Acids destroy living matter ; consequently 
also acetic acid. The former method of bringing to view the 
nucleus by treatment with acetic acid simply destroyed the rest, 
due to the fact that the bulky formations of the nucleus resist 
the action of acetic acid more than the scattered formations in 
the protoplasm. This re-agent has scarcely any value. The dif- 
ferent stainings of tissues by re-agents, especially combinations 
of indigo, picric acid, and aniline colors, are caused by a differ- 
ence of the chemical products of living matter, rather than by a 
difference of the living matter itself. 
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Analysis of Best. Living matter, as long as it is alive, can never 
be at absolute rest, and in the protoplasm a uniform distribution 
of the reticulum is not observable as long as motion is present. 
The condition of comparative rest (Fig. 2) may be exhibited by a 
portion of the protoplasm j while another portion is in the con- 
dition of contraction, another again is in that of extension. Rest 
is death, and seen in motionless blood or pus corpuscles, which 
on dying often assume the globular shape — viz., an accomplished 
equilibrium of the reticulum. By evaporation of the liquid, even 
such globular bodies may present a jagged, irregular shape, 
which is not amoeboid, as erroneously has been asserted, but the 
result of shrinkage. Death, however, may ensue at any moment 
during contraction or extension, if the living matter be kill ed 
instantaneously by a re-agent. Motionless pus-corpuscles — f. i., 
in urine — may be found in greatly varying amoeboid shapes, and 
the peculiarities of the reticulum in the contracted and extended 
condition remain fixed in such corpuscles if kept in preserving 
fiuids — f. i., solution of chromic acid. 

Analysis of Contraction and Extension. Contraction of the 
reticulum causes the amoeboid motion and the locomotion of a 
protoplasmic mass. The liquid held in the meshes, being driven 
out of the contracted portion, will rush into a portion at the time 
at rest, and will extend this portion in the shape of what has 
been termed pseudopodia. If contraction takes place in one half 
of the protoplasmic mass, the other half will be in extension ; if 
two peripheral segments be contracted, the intermediate portion 
will be extended. The latter was suggested by Hermann, long 
before the structure of protoplasm was known. In the former 
instance a fiap will protrude, nearly of the diameter of the body 
itself; in the latter a narrow offshoot, a pseudopodium,” will 
make its appearance, varying in length, and exhibiting either an 
indistinct structure or being apparently devoid of structure, on 
account of the great stretching of the reticulum. To allow loco- 
motion to be accomplished, the protruded fiap must adhere to a 
solid base, so as to have a point of fixation, toward which the 
balance of the body is dragged. An amoeba, a colorless blood- 
corpuscle, can commence creeping only after one of the protruded 
fiaps has reached the upper surface of the slide or the lower 
surface of the covering-glass, for the same reason that a man 
can make a step only on a solid ground, and climb only by 
attaching himself with arms or legs to a support. The motion 
of protoplasmic lumps is liveliest if the slide and cover be close 
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to each other, and the intervening layer of liquid, therefore, 
very small. 

Analysis of Tetanus. Tetanic contraction was first observed 
by S. Strieker, in colorless blood-corpuscles in lively motion, the 
slide and covering-glass being closely attached to each other, at 
the moment when the cover w'as lifted a little by the addition of 
an indifferent liquid to the edge of the specimen. As soon as the 
liquid evaporated, motion and locomotion set in once more. I 
have produced the same condition by the addition of glycerine. 
Tetanus is also observed in most of the colorless blood-eorpnseles 
and amoebae, immediately after their transportation to the slide, 
evidently due to mechanical shock. Similar results were yielded 
by the electric current. To call such a condition “rest,” is cer- 
tainly erroneous. 

Analysis of Investing Layers. The production of a continuous 
layer of living matter around the protoplasmic mass and a hollow 
nucleus can be explained by a hypothesis only (Fig. 9). Such a 
layer is far from being an investing membrane, in the sense of the 
old cell theory ; it is identical in every respect with the reticulum 
present within the protoplasm. Its capacity of admitting exten- 
sion is surprisingly great. The thicker this wall is, either around 
the nucleus or around the protoplasm, the less is the capacity of 
producing amoeboid motion or locomotion. Solid nuclei and 
nuclei with a broad investing shell do not themselves move, 
but are carried along in a mechanical, passive w'ay by the 
moving reticulum around. Coarsely granular protoplasmic 
bodies with a very marked investing layer do not move. The 
finer the reticulum, respecting its points of intersection, and 
the thinner the covering layer of living matter, the more pro- 
nounced is the capacity of amoeboid motion and locomotion. 

The eontimioiis layer of living matter may at any time and almost instan- 
taneously he transformed into a retieulnm. A foreign body may be taken 
into the interior of a protoplasmic body by offshoots embracing the foreign 
mass, the distal ends of the offshoots then coalescing, and lastly at the proxi- 
mal ends, the investing layer being converted into a reticulum. The thinner 
a flat layer, or the more it is stretched, the more prone is it to fuse together 
with neighboring formations of the same kind. Long offshoots of amoebae, f. i., 
easily coalesce to form a coarse reticulum. Not all foreign bodies that are 
taken into the interior of the amoeba can serve as a pabulum, as, f. i., carmine 
or aniline granules, silicions shells of diatomes, etc. 

The bursting of the outer investing layer is necessary for the 
extrusion of foreign bodies, or fat-granules, or a liquid. Such a 
wound at the periphery of the protoplasmic body may heal imme- 
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diately by coalescence of tbe flat layer. Obviously, the bursting 
must be due to a sudden and intense contraction of the reticulum 
close behind, and as the foreign particles are often driven out* 
with a certain force, like a shot, we may conclude that, together 
with the foreign body, also a certain amount of liquid has escaped 
from the interior. A momentary reestablishment of comparative 
rest in the contracted portion would seem to be required for the 
coalescence of the separated portions of the outer flat layer. A 
part of the reticulum itself may penetrate the investing layer, or 
a single granule with adhering fllament. The result will be a 
small protrusion, or a single granule attached to the outer surface 
by a slender pedicle. 

Analysis of Vacuoles. A vacuole is a lake in the middle of the 
protoplasmic body, inclosed by a continuous layer of living matter. 
Without such an investing wall the lake could not be formed. 
The vacuole may increase in size, either by stretching of the 
encircling layer, or by confluence with a neighboring vacuole, if 
the wall between the two should break. The vacuole may sud- 
denly appear, and also suddenly disappear. Granules of living 
matter are sometimes floating in the lake ; sometimes offshoots 
of a granule reach the inner surface of the wall of the vacuole, 
and the reticular structure is immediately reestablished. Vacu- 
oles may be formed, and may disappear suddenly, in ways and 
for reasons which we do not understand as yet. Formerly, the 
va6uoles were thought to be stomachs of the protoplasm, an 
assumption for which we have no ground whatever. Embryo- 
logical research, on the contrary, proves that vacuoles are ele- 
mentary vascular organs, containing plasma ; as E. Klein first 
demonstrated, the heart and the blood-vessels are originally 
nothing else but vacuoles. 

Comparison of Amoeba and Man. The analysis of a single 
protoplasmic lump is of the greatest importance, inasmuch as 
such a lump is the simplest animal organism, on the plan of 
which are built up all, even the most complicated organisms. 
It will be demonstrated farther on that the human body is con- 
structed on the plan of an amoeba, and the comparison will be 
carried out in all details. Man is a complex amoeba with per- 
manent protrusions, ’the extremities, with a wonderfully compli- 
cated division of labor of the groups of the living matter. Man, 
in toto, is an individual, as is the amoeba, and in both, isolated 
lumps of living matter float about — in the one case in vacuoles, 
in the other in the blood and lymph vessels. 
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The Structure of the Blood-Corpuscles op the Oyster. 

By a. M. Hurlbutt.* 

If we break the shell of an entirely fresh oyster on its thinnest edge, a 
small quantity of sea-water will ooze out. If we open the oyster by pulling 
apart the two valves, around the injured oyster a large quantity of fluid 
accumulates. This fluid contains the blood-corpuscles. First we oil the 
edges of an extremely thin cover on one side, place a small drop of the 
juice of the oyster upon a slide, and cover it with the covering-glass, the 
greased edges looking toward the slide. We then have a specimen ready 
for examination with the highest powers of the microscope. 

A power of about five hundred diameters will reveal numerous granules 
floating in the fluid, in what has been termed molecular motion. These are 
gi'anules of fat, of pigment, and of broken protoplasm. In the fluid there 
are swimming very often parasites, which I do not wish to consider at this 
time. Furthermore, debris of the tissues of the oyster and epithelia are to be 
seen, and lastly, numerous granular bodies, varying considerably in size 
and form, and continually changing their shape or locality for at least two 
hours. These are the blood-corpuscles of the oyster. Let us now put on a 
lens with a magnifying power of twelve hundred. I used an immersion- 
lens of Tolies, of Boston, and one of C. Verick, of Paris, both magnifying 
about twelve hundred diameters with a short eye-piece, and both giving the 
same results as to the structure of the protoplasmic bodies. 

We And globular bodies of the size of human red blood-corpuscles to be 
considered as free nuclei, suspended in the fluid, and of which nuclei it is 
impossible to say whether they exist as such in the live oyster, or are freed 
by the injuring manipulation. Besides, spindle-shaped bodies are present, 
not surpassing the nuclei in size. Lastly, protoplasmic bodies are visible, 
varying in size from one and a half to seven or eight diameters of a human 
red blood-corpuscle, partly roundish, partly elongated in one or several direc- 
tions, or stellate, — that is, provided with a number of delicate radiating off- 
shoots . These protoplasmic bodies are in amoeboid motion, changing their 
shape continuously by projecting flaps or elongated offshoots — the so-called 
pseudopodia — on different parts of their peripheries, and withdrawing them 
again. The changes of shape are not very lively — about as slow in character 
as we observe them on the amoeba difiiuens, or in colorless blood-cor- 
puscles of the newt. At the same time locomotion of the protoplasmic bodies 
takes place, so that a corpuscle might migi-ate through the field of vision of 
the microscope within one hour. On the free nuclei I did not observe changes 
of shape or locomotion. 

The blood-corpuscles are either devoid of a nucleus, or during the observa- 
tion there may appear roundish bodies within the protoplasm, looking like 
nuclei and disappearing again from our view. Other corpuscles from the very 
beginning show from one to five or six nuclei. When nuclei are thus visible 
at the beginning of the observation, they remain unchanged until the cor- 
puscles in which they exist become motionless. In corpuscles in which no 
constant nucleus can be made out, sometimes a nucleus becomes visible when 
the corpuscle approaches the time of its death — that is, when it becomes 
motionless. 

Let us now watch a corpuscle in which a nucleus is plainly marked, and 

* New Yorb Medical Journal, January, 1879. 
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we shall see as follows : The nucleus is surrounded hy a yellowish shiuiu g 
shell, which either is uniform in its width or looks beaded, as if built up by a 
number of granules, which are connected with each other by a thinner layer 
of the same substance of which they themselves are composed. Within the 
nucleus we again find granules, either uniform in size or some appearing to 
be considerably larger than others ; these latter bear the name of nucleoli. 
The granules vary greatly in number, and are either scattered irregularly 
throughout the nucleus or are arranged in the shape of wreaths, concentrical 
with the outer shell of the nucleus. Sometimes two or even three of such 
wreaths are to be observed within the nucleus, a fact to which Th. Eimer first 
drew attention. In small nuclei we observe sometimes only one central 
granule (nucleolus), and from this granule there project fine threads, from 
three to six in number, conical in shape, the bases of the cones arising from 
the granules, liheir thin ends tending toward the wall of the nucleus, with 
which all the cone-like threads are invariably in direct union. Thus a wheel- 
like figure is constructed, the hub of which is represented by the central 
granule (nucleolus), the spokes by the conical threads, and the felloes by 
the shell or outer layer of the nucleus, the latter representing only the 
optical section of the surrounding layer of the spheroidal body. All the 
described formations are suspended in a pale, colorless, and structureless 
substance, between which and the fluid part of the blood outside the 
corpuscles no distinction can be drawn. When there are several granules 
present in the nucleus, all are joined together by means of fine, grayish 
threads, the granules thus representing the points of intersection of a net- 
work which traverses the whole interior of the nucleus. The granules next 
to the wall of the nucleus — it is immaterial whether regularly or irregularly 
placed — send delicate grayish threads toward the wall of the nucleus, with 
which they inosculate. The meshes of the net-work within the nucleus, filled 
with the homogeneous colorless substance, vary in size. I, however, was not 
able to decide whether, during the motions of the whole corpuscle, there 
were also changes in the shape of the net-work of the nucleus, which S. 
Strieker asserts he has noticed in the net-work of the nuclei of the colorless 
blood-corpuscles of the frog and newt. 

The structure of the nuclei, as just described, is visible on all nuclei, no 
matter how many may be seen within a protoplasmic body, and also on bodies 
floating in the fluid specimen which were described before as free nuclei. In 
none of the latter could I ever discover changes of shape or active locomotion. 
Not very rarely, however, we meet with small nuclei in the blood-corpuscles, 
which look almost homogeneous and of a pale, grayish-yellow color, appar- 
ently devoid of structure. Such nuclei, which we might consider as some- 
what larger granules, are also suspended in the outside fluid part of the blood, 
as well as in the protoplasmic bodies. 

Whenever a nucleus is to be seen in a protoplasmic body, outside its shell 
a light seam can be observed, always traversed by conical, radiating threads, 
which spring by their broad bases from the shell of the nucleus, and unite by 
their thin ends with the granules next to the light seam. Such conical off- 
shoots arise also from compact nuclei, thus giving them the appearance of 
angular bodies. Throughout the whole protoplasm granules of different sizes 
are scattered, all of which show the same color and the same power of refract- 
ing the light as those within the nuclei. These granules are united with each 
other by slender threads in the same manner as those in the nuclei. Very 
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often the appearance is presented of a single granule surrounded by wreaths 
of other grannies, all the latter being united, by means of radiating conical 
threads, both to the central granule and to each other. Such small, wheel- 
like bodies may arise in different places in the protoplasmic body during its 
changes of shape. Besides the grayish-yellow granules, there are numerous 
others of a more yellow color and of a greater refracting power, identical with 
that of fat-granules. Experience shows that such fat-granules are more 
numerous in the latter part of the breeding season of the oyster — viz., in 
July and August. Many of these fat-granules are connected by means of 
delicate threads with the neighboring protoplasmic granules. 

During the changes of shape of the blood-corpuscle, round spaces often 
appear in the protoplasmic bodies, the so-called vacuoles. These vacuoles 
vary greatly in size ; they are filled with the light, structureless fluid sub- 
stance which we see within and without the meshes of the net-work. In the 
fluid of the vacuoles sometimes there are granules floating about. Each 
vacuole is surrounded by an extremely thin grayish-yellow layer, which is 
always in union, by means of delicate threads, with the neighboring granules 
of the protoplasm. Sometimes several vacuoles arise within the corpuscle, 
and are separated from each other by a continuous layer, like the shells of a 
nucleus, and these shells give the appearance of a frame-work. The same 
appearance of vacuoles, though on a considerably smaller scale, I have 
repeatedly observed also on nuclei originally homogeneous and structureless- 
looking. 

A continuous, though extremely thin, layer can be seen on the periphery 
of and closing in the protoplasmic body. The outer surface of this layer looks 
smooth, while its inner surface is in connection with the neighboring granules 
by means of delicate threads. 

While we watch a blood-corpuscle of the oyster at the common tempera- 
ture of the room, continuous changes of its shape are visible, as mentioned 
above. At the same time, changes'of the net-work within take place. Tem- 
porarily, the granules seem grouped together and the meshes considerably nar- 
rowed ; opposite to such a group of closely packed granules flaps bulge out from 
the periphery of the protoplasmic body. Within a flap there is faintly visible 
a net-work only at the beginning of its protrusion ; very soon this net-work is 
completely lost to sight, and the flap looks homogeneous, and apparently 
structureless. At other times, delicate narrow hyaline offshoots are projected 
from the periphery of the blood-corpuscle, varying in number, and sometimes 
considerably surpassing in length the diameter of the protoplasmic body. 
These so-called false legs (pseudopodia), as a rule, look homogeneous, and 
run either in a straight direction or are curved and repeatedly bent. They 
are being projected and withdrawn frequently during the changes of shape of 
the corpuscle ; sometimes they are thrown out so regularly, and in so great a 
number, that the corpuscle assumes a beautiful star-shape, the central body 
at this time being considerably decreased in size and its gi’anules closely 
packed together. The offshoots may also be irregular, and the blood- 
corpuscle may take on a considerably elongated, irregularly angular, and 
branching shape. On the thicker parts of the offshoots the net-like 
structure of the protoplasm is to be seen, while their ends always look 
hyaline and structureless. 

During the changes of shape, sometimes a number of granules melt 
together, thus producing the appearance of a temporary nucleus; such a 
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imeleus, after a few minutes, may disappear again, and a net-work be 
reestablished, where shortly before there was a compact lump. Sometimes 
round bodies looking like nuclei jump forth from the interior of the blood- 
corpuscle, and float freely in the surrounding fluid. Sometimes protruded 
flaps become pediculated, and shortly afterward, through breakage of the 
pedicle, a pale body is separated from the original blood-corpuscle. Some- 
times the protoplasmic body itself is becoming constricted on different parts 
of its bulk, and such constrictions may terminate in a separation of smaller 
lumps from the original body. On some of these lumps, even the net-like 
structure of the protoplasm is still visible. Thus a larger blood-corpuscle 
may be divided into smaller lumps of different shapes. 

After from one to two hours’ observation, the majority of the blood- 
corpuscles, in part considerably decreased in size through repeated divisions, 
swell up and are provided with large vacuoles and large, structureless flaps. 
In this condition the net-work in the protoplasm is evidently broken apart, 
inasmuch as the grauules are no longer connected with each other, but float 
in the interior of the protoplasm in a sort of motion, for which the term 
“molecular motion” has been adopted. Lastly, such a swelled protoplasmic 
body bursts, and the granules are spread in the surrounding fluid, and with 
this complete death of the blood-corpuscle has ensued. Blood-corpuscles of 
perfectly fresh oysters die after having been kept for about two hours under 
the microscope, whereas those from oysters which have been kept out of the 
sea for a couple of days die much sooner and more rapidly. 


The Structure and Growth op Some Forms op Mildew. By William 
Hassloch, M. D., op New York.* 

During researches in which I stained the corneas of dogs and cats with 
chloride of gold, many of my preparations became mouldy, and, as repeated 
application of the chloride produced well-marked characteristic violet colora- 
tion of the mildew, I succeeded in studying its intimate structure. 

The application of one-half per cent, solution of chloride of gold, for 
from one to six hours, sufficed to stain the parasitic growth from a light-red 
violet to a dark blue. The preparations were mounted in the common way, 
in a mixture of distilled water with glycerine, and remained unchanged for 
months. 

With a magnifying power of .500, thallus-threads (mycelia), hyphse, and 
conidia could be seen, as well as numerous branching chains of conidia, all 
united with mycelia. These formations appear flnely granular. Many of the 
granules are not round, but look jagged and pointed ; moreover, both the 
hyphse and mycelia-threads show, on their periphery, accumulations of 
minute, generally dark violet, partly pediculated granules, to such an extent 
as to conceal, in some places, the contours of the plant. For greater ampli- 
fication I used an immersion-lens of Tolies, with a power of 1200 diameters, 
and immersion-lenses of Verick. With these the mycelia, mostly uncham- 

* New York Medical Journal, November, 1878. 
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bered, sbow thin, dark-violet edges, and contain a large number of granules 
of different sizes, which, almost without exception, are united by fine, violet 
threads. This arrangement produces an exceedingly delicate, violet net-work 
in the interior of the mycelium-thread, the meshes of which are either 
nncolored or only slightly violet. The smallest grannies are homogeneous, 
while the larger ones sometimes contain central spaces, vacuoles, which 
appear in the optical section as small rings. Occasionally larger vacuoles 
are seen within the mycelium, each surrounded by a wreath of violet 
granules. Not only are the majority of the grannies connected with each 
other, but threads pass also from the wall of the mycelium to neighbor- 
ing granules. Where hyphse grow from the mycelium, the wall of the 
latter looks as if perforated, but its outer contour is continuous with 
that of the hyphse. 

The hyphse, always of less diameter than the mycelia, are more finely 
granulated ; but there is no doubt that their gi*anules are also connected by 
exceedingly delicate threads, both among each other and the wall. The 
majority of the hyphse are covered with fine granules, occasionally accumu- 
lating in groups, either attached with a broad base or by means of a minute 
stem. Sometimes such a little body, or such groups, may be seen connected 
by fine threads with granules in the interior of the hyphee. Just as in the 
mycelium, we find also in the hyph® a number of round or oval vacuoles, 
which, uncolored themselves, are surrounded by a violet outline, or by a 
wreath of granules. 

Many hyphse terminate in spherical or oblong conidia. Often a second 
conidium is directly attached to the terminal one, or by means of an inter- 
vening hypha. From this may proceed again a hypha, ending in a conidium, 
and so on, frequently repeated. 

The conidia are of two kinds — viz., thin- walled, the walls of which do 
not surpass those of the hyphee ; or thick-walled, with a relatively broad 
shell, interrupted only at the union with the hyphee or an attached conidihm. 
When two or more conidia are near together, that next to the hypha has 
usually thin walls, while the succeeding ones have markedly thicker walls. 
Both kinds contain granules, which, without exception, are connected among 
each other and the conidium- wall, here and there being provided with vacu- 
oles. The smaller of the vacuoles are ungrannlated, while the larger contain 
either single granules or groups of granulep, with filamentous connections in 
all directions. When two conidia are directly attached to each other, the 
place of union is broad enough to allow of a direct connection of the granules 
of both conidia. 

The thin-walled conidia possess lateral or polar shoots, in the form of 
sessile or pediculated granules, or of projections of varying lengths, covered 
with fine granules. The structure of these projections is either homogeneous 
or reticular. In thick-walled conidia I have never met with such shoots ; here 
the homogeneous, shining shell is always smooth on the outside. 

Many hyphse terminate in simple or compound conidia-chains. These 
arise with the formation of successive notches, with increasing diameter of 
the hypha. Such chains are mainly formed by thin-walled conidia, with 
numerous, either granular or prolonged, buds. These buds not seldom appear 
dark violet on their ends, while the stem near the conidia is uncolored. There 
is either an interruption in the wall of the conidium, or a direct connection of 
the stem of the bud with granules in the interior. (See Fig. 10.) 
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To obviate the suspicion that these appearances were produced, at least 
in part, artificially, fresh mould was examined in an indifferent medium, such 
as bichromate of potash, arid a complete correspondence with what chloride 
of gold showed was found, although in a less marked degree ; so that I would 



Fig. 10. — Mildew Stained with one-halp per cent. Solution 
OP Chloride op Gold. 

a a, tlireatls of mycelmm ; & 6, hyphic ; c c, coiiidia; d d, cliains of couiclia. Granular Liuls are 
visible on all liypli8B ami chains of conidia, while buds are missing altogether on thick- 
walled conidia, cc. At ee conical buds or projections are present, the tliicker ends of 
which are coniiiact and stained dark violet, wliile .their stems appear light. Magnified 
1200 diametei's. 

assert that only those who have studied the chloride of gold preparation 
previously will find the fine threads connecting the granules in a fresh 
preparation. 

I have also examined several kinds of oidium, of which the close rela- 
tionship among each other, as well as with the spores of mildew, has been 
repeatedly demonstrated by other observers. 

The structure of ieer-yeast is identical, both in the fresh condition and 
after staining with chloride of gold, only in the latter case the appearances 
are more marked than in the former. In fresh preparations, free granules of 
various sizes are recognized, of which some are at the limit of the visible, 
even with an amplification of 1200, and groups composed of numerous 
homogeneous, yellowish, shining, apparently structureless granules, which 
are connected with each other by extremely delicate threads. The latter 
are not yellow, but gray. Some granules have fine offshoots, the con- 


LIVING MATTEL IN “ PEOTOPLASM. 


43 



Fig. 11. — OiDiuM of Yeast. 

a, homogeneous granules, partly 
isolated, partis’^ in shape of chains ; 
6, oidia with large vacuoles, whose 
walls are either compact or gran- 
ular, or traversed by minute vacu- 
oles ; c, oidium devoid of a vacuole, 
its living matter in net-like ar- 
rangement, the points of intersec- 
tion being the granules. Magnified 
1200 diameters. 


neeting bridges being no longer visible, even with the greatest magnifying 
powers. 

The essential oidia of yeast are, as is well known, mainly oblong 
bodies, the majority of which contain a large central vacuole. High ampli- 
fication shows that the outer shell represents 
a usually homogeneous shining, yellow ring, 
thickened at one pole of the oidium. Within 
the shell, granules are present, each of which 
is separated from the other contents by a light 
seam, and connected with the shell by minute 
threads. The surface toward the vacuole is 
either smooth or covered by granules, a part 
of which projects into the vacuole. The thick- 
ened portion of the shell is not seldom per- 
forated by smaller vacuoles, each surrounded 
by a layer of the yellowish, shining substance. 
In the interior of the vacuole, isolated minute 
granules may be found in active motion, while 
smaller vacuoles contain a varying number of 
granules, connected among each other and with 
the shell by finest filaments. (See Fig. 11.) 

Oidia without vacuoles have always a rela- 
tively thin shell, and contain a number of 
granules of different sizes, which, without ex- 
ception, are united. Only the yellowish, shin- 
ing substance of the shell and the granules 
become dark violet from the solution of chloride of gold; all other parts 
remain uncolored, or, at most, become only pale violet. 

In fermcntinfi wine, I met with a great number of small, free granules, 
with short, rod-like formations (bacteria), and the round or oblong oidia. 
Numerons oidia form chains of two or more members, the single links of 
which are united by short, broad 
bridges. Occasionally a small bud 
is attached directly, with a broad 
basis, to a larger oidium. High 
magnifying power shows that here 
vacuoles are less numerous, and 
of markedly smaller size, than in 
beer-yeast. Each oidium is bounded 
by a yellowish, shining shell, per- 
forated only at the union with its 
neighboring oidia, and containing 
in its interior a varying number of 
granules of different sizes, all con- 
nected by delicate threads. The 
gi’anules show the same refi’action 
and color as the shell, while the 
threads between the single gran- 
ules and the different oidia are colored gray. Smaller buds and smaller 
isolated oidia are almost always compact, yellowish, shining, and apparently 
without structure. (See Fig. 12.) 



Fig. 12. 


-Oidium op Fermenting 
Wine. 


a, isolated oidia; 6 b, oidia in cliain-like con- 
nection. In all these the living matter is arranged 
net-like ; the shell, heing also a formation of living 
matter, looks homogeneous, and is perforated 
where the uniting bridges inosculate. Magnified 
1200 diameters. 
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The grayish-white patches occurring in the mouths of infants, known as 
thrush, contain beside epithelia the following: Very delicate granules in 
active, dancing motion — micrococci ; short, single or double oscillating rods 
— bactaria ; delicate threads, straight or variously curved, smooth or granu- 
lar, and in the latter case occurring in 
chains, mostly without movement — 
leptothrix ; and finally oidia. After 
being kept for forty-eight hours in a 
moist chamber, the mass removed from 
the mouth shows a number of delicate 
mycelia, the hyphse of which have small 
sporangia. This vegetation is perfectly 
identical with that of mildew. The oidia 
correspond in their size to those of wine ; 
many contain large vacuoles, in all de- 
tails like those obtained from beer and 
wine, only the color of the shell and the 
granules is more gray and very slightly 
yellowish. In preparations kept for 
forty-eight hours in a moist chamber, 
many oidia are united in chains, and 
many show prolongations, the extreme 
ends of which are always compact and 
structureless.* (See Fig. 13.) 

Finally, I have seen in the oidia of acid urine, kept quiet for several days, 
a structure perfectly identical with that of the mentioned various oidia. 

From the description of different forms of the mildew, it is clear that its 
intimate structure is perfectly analogous to that of animal protoplasm, as it 
was first described by C. Heitzmann. This investigator, from his observations 
of the phenomena of motion and growth of animal protoplasm, has arrived 
at the conclusion that there are two kinds of constituent substances in it, — 
viz., first, a gray or yellowish substance, which forms the limiting layer or 
shell of the protoplasmic body, the gi-anules, the central nucleus, and all the 
connecting threads — the living matter ; and, secondly, a liquid not possessed 
of life, which fills the vacuoles and the meshes between the net-work of the 
living matter — the protoplasmic liquid. 

Only the living matter becomes easily and distinctly violet when the prep- 
aration is stained with a solution of chloride of gold. 

The net-like structure is plainly marked in the low vegetable organisms 



Fig. 13. — OidIum of Thrush from 
A Child’s Mouth, after being 
KEPT FOR Forty-eight Hours 
IN THE Moist Chamber. 

a, oidia with vacuoles, with formation of 
granules in the latter ; within the vacuole 
single granules, with thread-like connec- 
tions to the wall: h, oidium, with net-like 
arrangement of the living matter ; c, chain 
of oidia in Budding ; the hud is compact, 
homogeneous ; Behind this are links with 
successively larger vacuoles. Magnified 
1200 diameters. 


* The fungus of the thrush recently has Been studied also By Paul Grawitz (“ Zur Bo- 
tanik des Soors und der Dermatomykosen,” D. Zcitschr. f. prakt. Mcdicin, 1877). He made 
experiments of raising, in transparent, nourishing fluids, and found in fluids rich with sugar, 
after twenty -four hours, instead of single round or oBlong conidia, clusters of oidia in Budding 
process. The more sugar was pre.sent in the nourishing fluid, tlie denser and less trans- 
parent were the colonies of the oidia, while in fluids containing less sugar the dumb-Bell 
shapes of the oidia were prevalent. In the latter fluid there occurred chains of oidia, on the 
uniting Bridges of which numerous grape-like Buds were visible. In fluids with a small quan- 
tity of sugar and salt, pediculated Buds grew in several directions from the periphery of 
oBlong oidia, and in one main direction links sprang from the mother Body, lastly forming a 
chain-like tliread. The oidia of the thrusli, as laised in a fluid rich with sugar, i)roduced, if 
transported into a dilute fluid, thin mycelia of the same shape in which we see them in fresh 
thrush. Grawitz holds that tlie fungus of tlie thrush is in no relation to the oidium of milk. 
But rather identical with the mycoderma vini, first described By Cienkowski. 
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described. Here, too, the yellowish, shining substance, gi’ay in thin layers, 
which is easily stained violet with chloride of gold, forms a wall or shell of 
varying thickness, the granules and connecting threads ; while the vacuoles 
and meshes are filled with a liquid which not seldom contains isolated 
grannies. 

C. Heitzmann declares that living matter presents at first a compact, 
homogeneous little lump ; that this matter, on growing, is differentiated by 
the formation of vacuoles into a frame-work, which includes the liquid, not 
endowed with life ; that, finally, at a certain degree of growth, the differentia- 
tion of a net-work takes place, the meshes of which contain the not living 
fluid. These stages are demonstrable also in growing mildew and oidia. The 
first visible form-elements are homogeneous granules, and the first appearing 
buds are compact little projections, either globular or prolonged. The first 
differentiation consists in the occurrence of a central vacuole, and only after 
a certain development has been attained does the protoplasm appear in the 
form of a net-work. 

That the yellowish or gray substance is in fact the living matter, is 
proved by the formation of buds on the hyphse, conidia, and oidia, and the 
conidia-chains. The minutest buds are, in every instance, direct prolongations 
of the shell, or a granule contained in the interior. 


IV. 


THE PHASES OF DEVELOPMENT OF 
LIVINO MATTER* 


T his article is a translation of a publication in Grerman in 
1873. What at that time were considered to be phases of 
life of the protoplasm, must to-day be taken as different phases 
in the development of living matter, one of which is its retic- 
ular arrangement in protoplasm. This latter term, then, in the 
present view, is applicable to only one of the phases of devel- 
opment. 

Amoebm. In specimens taken from an infusion on the third or 
fourth day after its preparation, we meet with a few lumps of 
protoplasm, not over 0.008 mm. in size, in slow locomotion. These 
lumps are shining, yellowish, and formed by a very dense reticu- 
lum of living matter ; some of them contain vacuoles. A nucleus 
is not recognizable in such a youthful amoeba. A few days later 
on, besides amoebae of the described size, others are found which 
are larger, finely granular, and execute lively changes of shape 
and locomotion. Every one of these amoebae has a pale gray, 
homogeneous nucleus. 

Specimens taken from the infusion in the third or fourth 
week contain, in addition to younger forms, many amoebae, with a 
varying number of coarse, shining, yellowish granules. These are 

* Untersuehungen Tiber das Protoplasma. III. Die Lebenspbasen des 
Protoplasmas. Sitzungsber. der Akademie der Wissenseh. in Wien. June, 
1873. 
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either scattered through the body of the amoeba, or accumulated 
in groups, but little exceeding in size that of the nucleus. Both 
kinds of granules are connected, by means of delicate filaments, 
with the reticulum of the living matter of the lump. The pale 
gray nuclei of such older amoebae always exhibit vacuoles. 

If we add a drop of glycerine, diluted with one-half water, to 
a specimen containing amoebae of early formation, each amoeba 
wdll, the moment it is reached by the glycerine, suddenly contract 
into a homogeneous, yellowish, very shining lump, the size of 
which is only a small fraction of its former circumference, or the 
amoeba shrivels to a scolloped lump, which by the bursting of 
peripheral vacuoles becomes in a few seconds nearly homo- 
geneous. Such lumps remain, as a rule, unchanged. 

Amoebae of a later period do not react uniformly to glycerine. 
If both a finely and coarsely granular amoeba should be present 
in the field of vision, the latter, on addition of glycerine, will 
rapidly be transformed into a homogeneous lump, while the 
former will slowly shrivel, sometimes only become corrugated 
on its surface, and retain its finely granular character, becom- 
ing, however, motionless and globular. Most of the lumps, 
sprung from coarsely granular amcebfe, enter the globular con- 
dition slowly. Some even remain unchanged. Whether this 
difference is due to difference of concentration of the glycerine 
which reaches different amoebse, even in one field of vision, I 
am unable to decide. 

By draining off the glycerine and replacing it with water, 
all lumps are gradually transformed into globules, but none of 
them recover mobility. 

The series of changes which the coarse granules of the blood- 
corpuscles of craw-fish undergo, without the addition of any re- 
agent, are described in Chapter II., page 23. An originally 
solid, homogeneous lump of living matter, in a short time, 
under our very eyes, becomes at first vacuoled, and at length 
transformed into a delicate reticulum. 

Cartilage-corpuscles. In comparing the corpuscles of cartilage 
of mammals (I have examined the cartilage of the knee-joints of 
dogs, cats, and rabbits) of different age, marked differences are 
observed, dependent on the age of the animal. 

The cartilage cavities of a pup, five days old, hold proto- 
plasmic bodies, the nuclei of which are homogeneous, yellowish, 
and very shining, and sometimes contain vacuoles. Besides, 
there are numerous smaller cavities entirely filled with a mass, 
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in every particular like the nuclei of the cartilage-corpuscles 
mentioned before. (See Fig. 14.) 

When the solid substance forms the nucleus of a proto- 
plasmic body, conical spokes arise from its periphery, which 

blend with the reticulum of the 
protoplasm. Wlien the solid 
substance alone tills the cavity, 
the spokes traverse the light 
rim between its periphery and 
the border of the basis-sub- 
stance of the cartilage. 

In the cartilage of a pup, 
six weeks old, cavities are 
found which contain granular 
protoplasm, and lumps of a 
homogeneous, yellowish, shin- 
ing substance, variously dis- 
tributed. (See Fig. 15.) There 
are some cartilage-corpuscles 
with a central solid mass of the 
shining substance ; other cor- 
puscles with several solid lumps of different size ; lastly, corpuscles 
in which the shining substance appears as an incomplete shell, in 
the optical diameter as a semi-lunar ledge. Cavities filled with the 



Fig. 15. — Cartilage-corpuscles from a Sagittal Section op the 
Condyle op the Femur op a Pup, Six Weeks Old. 

’corpuscle lioldtng, besides tlie nucleus, several larger granules ; £, corpuscle witli a solid 
obloug nucleus at tlie periijliery ; C, corpuscle "witli two solid nuclei ; D, solid, vacuoled 
corpuscle. Magnified 800 diameters. 

shining substance are less frequent than in the cartilage of a newly 
born animal, and the substance often exhibits larger vacuoles. 



Fig. 14. — Cartilage-corpuscles prom 
A Frontal Section op the Condyle 
OP THE Femur op a Pup, Five Days 
Old. 

A, solid vacuoled corpuscle ; if, corpuscle with 
one solid nucleus; C, corpuscle with two solid 
nuclei. Magnified 800 diameters. 
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In the thin layer of cartilage of a dog, eight to ten years 
old, the compact shining substance is relatively scarce, and, as 
a rule, traversed by vacuoles. Most of the cartilage-cavities con- 
tain a pale granular protoplasm and vesicular nuclei with dark 

contours, and a varying 
number of nucleoli. (See 
Fig. 16.) 

These features were 
found in the middle re- 
gion, between the articu- 
lar surface and the border 
of the epiphyseal bone. In 
(j young animals, the yellow 
substance, on an average, 
occurs the more the nearer 
to the bone the examina- 
tion is made. Immediately 
on the border of the bone 
the centers of the large 
cartilage-cavities, which 
are inclosed by a calcified 
basis-substance, are occu- 
pied by large masses of the 
yellow substance, which 
in this situation is supplied with numerous vacuoles, and with 
lower powers appears coarsely granular. Each central lump is 
surrounded by a zone of a pale, finely granular or structureless 
substance, which is separated by a light, narrow rim from the 


Fig. 16. — Cartilage-cokpitscles prom a 
Sagittal Section op the Condyle op 
THE Femur of a Dog, Bight to Ten 
Years Old. 

A, corpuscle witli sevoial gray lumps besides tlie 
vesicular nucleus ; B, corpuscle with an liour-glass- 
sliaped nucleus ; C, corpuscle with an oblong central 
nucleus. Magnified 800 diameters. 



Fig. 17. — Bone-corpuscles from a Longitudinal Section op the 
Thigh-bone of a Pup, Five Days Old, 

P, corpuscle with a vacuoled shining nucleus; B, basis-substance. Magnified 800 
dianieter.s. 
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calcareous basis-substance. Such formations are absent in old 
animals. 

Bone-corpuscles. In comparing bone-corpuscles of a newly 
born with those of an old dog, a difference in the structure is 
apparent. The cavities of the former contain a central globular, 
oblong, or angular vacuoled lump of a yellowish color, and 
intensely shining. Around this lump there is a pale, finely 
granular protoplasm ; the spokes springing from the central 
lump blend with the pale protoplasm, or, in places where the 
latter is apparently wanting, with the basis-substance of the 
bone. We not infrequently meet with bone-cavities entirely 
fiUed with the yellow, shining substance. (See Fig. 17.) 

In the bone of a dog, about ten years old, there are but few 
corpuscles, with pale yeUow shining nuclei whereas cavities 
with pale protoplasmic bodies and pale nuclei largely prevail. 



Fig. 18. — Bone-corpuscles from a Longitudinal Section op the 
Thigh-bone op a Dog, Eight to Ten Years Old. 

P, corpuscle, with a vesicular nucleus ; JB, hasis-suhstance. Magnified 800 diameters. 

The latter represent gray, vacuoled lumps or vesicles, with one 
to two yellow shining, or one to three gray opaque nuclei, 
of which the former usually are larger than the latter. (See 
Fig. 18.) 

Corpuscles of the Medulla of Bone. The medulla of bone also 
exhibits marked differences of age. In the medullary spaces of 
a shaft-bone of a new-born pup, the apparently homogeneous 
basis-substance holds small, yellowish, shining lumps, either 
globular or elongated, either homogeneous or vacuoled. Besides, 
there are pale protoplasmic bodies with globular nuclei, similar 
in aspect to the lumps just described ; also pale bodies are seen 
without nuclei, but in their place cavities with one or two opaque 
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corpuscles ; and, lastly, we meet witli pale, finely granular proto- 
plasmic bodies devoid of nuclei and nucleoli. 

As the growth of the animal advances, no medullary spaces 
are found in the bone, but canals for vessels instead. The medul- 
lary elements in the space between the wall of the blood-vessel 
and the border of the bone are mostly spindle-shaped, and either 
yellowish, vacuoled lumps, or pale protoplasmic bodies, with and 
without distinct nuclei and nucleoli. In all instances the com- 
pact lumps, the pale protoplasmic bodies, the nuclei and nucleoh, 
are bordered by light rims, which are traversed by radiating 
spokes. 

In old animals, protoplasmic bodies of the above description 
are rare ; in the marrow spaces of the shaft-bones they are usually 
transformed into fat. 

My conclusion, drawn from these observations, is that the 
2))'otoplasma shows differences according to its age. 

The shape of the youngest protoplasm is that of a compact 
lump of the living matter, with the following properties : It is 
homogeneous, has a yellow tint of varying intensity and shade, a 
considerable luster, and admits of being stained red by a solution 
of carmine, and violet by a solution of chloride of gold. 

In this condition, with our present means of examination, no 
reticulum is demonstrable. This condition is similar to that of 
a tetanic lump of a contracted amoeba, and identical with 
the condition of the living matter which I termed, in 1872, 
“ haematoblastic,” in which the living matter produces both red 
blood-corpuscles and the wall of the blood-vessel. For small 
lumps of this substance, which are directly converted into red 
blood-corpuscles, the term hsematoblastic ” remains applicable, 
though the h^matoblastic substance has a significance wider, in 
sense than it seemed to have at the time the name originated. 

The first noticeable differentiation in young protoplasm con- 
sists in an accumulation of hquid in vacuoles. The vacuoled 
condition of haematoblastic substance is the first step in devel- 
opment, as observed in the lumps and nuclei of the tissues of 
somewhat older animals. The first formation of the walls of a 
vessel depends on this differentiation, inasmuch as the vacuole 
represents the earliest cavity of a vessel. 

Owing to an accumulation of a liquid in several closed cavi- 
ties of the young protoplasm, the living matter assumes the 
shape of a frame-work. The points of intersection of the frame 
becoming granules by a rupture of many of the walls of the vac- 
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Holes, a net-work is established, which represents a later phase 
of development of protoplasm. The more coarse, yellow, and 
shining, and the more densely arranged the points of intersection 
of the living reticulum are, the nearer it is to its youth ; on the 
contrary, the more delicate, devoid of color and luster, the gran- 
ules are, the more advanced is the age of the protoplasm. That 
under certain circumstances the living matter in the proto- 
plasmic lump, by endogenous formation, reproduces its own 
kind, is proved by observations of older amoebae. Here the 
coarse granules are newly formed . living matter in a juvenile 
condition. 

With this explanation we can easily understand the differ- 
ences of age in the elements of tissues, described above. The 
originally homogeneous lump of protoplasm, with increase of 
size, is transformed in its peripheral portion into a net-work, 
whereas the central portion, the nucleus, remains homogeneous. 
Next a differentiation into a frame- work, and in turn into a net- 
work, takes place in the central lump, the nucleus, so as to leave 
smaller, compact centers, the nucleoli. This condition furnished 
the scheme of the “ cell” of the authors. 

At last the differentiation into a net-work has involved the 
whole protoplasmic body. At this stage no nucleus, and later 
on even no nucleolus, is perceptible, for the whole body is split 
up into a reticulum, with coarser and finer points of intersection, 
and this condition immediately precedes the formation of a basis- 
substance. 

The living matter passes through these stages, not only in the 
normal, progressive development of all tissues, but, as I will 
demonstrate later, also in the process of inflammation, though 
here in a reversed manner. 

The first assertions as to a difference of the nuclei depend- 
ing on age are made by Th. Schwann.* According to this author, 
the nuclei in the juvenile condition are solid, later become hol- 
lowed, and at length completely disappear, or are absorbed. S. 
Strieker t maintains that the nucleus of the first- globule of seg- 
mentation originates in the protoplasm, and that the nucleus in 
its youth represents a lump, while with advancing age it may be 
transformed into a vesicle. 

* Mikroskop. Untersucliungeiiii’ber die Uebereinstimmung inder Structur 
und dem Wachsthum der Thiere und Pflanzen. 1839. Pages 205 and 211. 

t Handbnch der Lehre von den Geweben. Art. “ Allgemeines Tiber die 
Zelle.” 18G8. Page 24. 
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Lastly^ I would take into consideration a peculiarity in 
the phases of life of the protoplasm, as evidenced by obser- 
vations on living corpuscles in a healthy as well as a diseased 
condition. 

Young, compact protoplasm is in a high degree possessed of 
the property of coalescing with analogous protoplasm, and thus 
change its configuration, whereas it exhibits the property of 
active mobility in a sbght degree only. The power of locomo- 
tion is entirely absent. Under certain circumstances — f. i., on the 
border of ossification of the epiphyseal and intermediate carti- 
lage — the living matter is split into pieces, broken apart. The 
best representation of a normal division I have observed in the 
hgematoblastic substance within the cavities of the cartilage, the 
results of which division are the haematoblasts. 

The power of active motion evidently increases by degrees ; 
the more the liquid accumulates in the mesh-spaces of the proto- 
plasm, within certain limits of its bulk, the smaller and paler, 
therefore, the granules become. The “pale and finely granular” 
protoplasm of the authors, which holds a very delicate reticulum, 
has also the most marked capacity of locomotion, upon raising 
its temperature to that of the whole body in a normal condition 
and in fever. The capacity of compact nuclei and nucleoli of 
changing shape and place, on the contrary, seems to be very 
limited or wanting. We must consider the protoplasma of the 
latter formatioijs as relatively the younger, so far as its shape is 
concerned. 

The Cell-theory in the Light of these Besearches. The theory of 
the animal cells, as established by Th. Schwann,* was greatly 
altered in 1861, by the researches of Max Schultze. t Since then, 
the best observers have agreed that “ cell” was to designate a lump 
of protoplasm, without a membrane and even without a nucleus. 
It was added that the protoplasm appeared structureless. E. 
Brucke^s| attempt to show that the lump was an “elementary 
organism ” was, for that time, in a certain sense, progress. 

The term “ cell ” remained, although a different meaning was 
attached to it than at the time of its origin, and all observers 

* Mikroskopische Untersuchungen iiber die Uebereinstimmung in der 
Structur und dem Waelisthum der Thiere und Planzen. Berlin, 1839. 

tUeber Mnskelkorpercben nnd das, was man eine Zelle zn nennen babe. 
Muller’s Archiv. 1861. 

tBie Elementarorganismen. Sitzimgsber. d. Wiener Akademie der Wis- 
senscb. 1861. 
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seemed to consider it a necessity to include all possible form- 
elements within this improved scheme of a cell. 

S. Strieker,* in 1868, for instance, discusses the question 
how large a lump of protoplasm ought to be to entitle it to the 
name of a cell, and comes to the conclusion that we should 
speak of a cell only if the lump exhibits growth and repro- 
duction. At that time it was already known that, with the 
highest powers of the microscope, very minute, just perceptible, 
granules grow under our very eyes. The doctrine of the 
so-called zj^motic diseases almost necessitates the assumption 
that the carriers of the contagion are organisms, not subject 
to our observation even with the best lenses. Are not the 
innumerable corpuscles in decomposing liquids individual organ- 
isms in spite of their minute size, which renders them hardly 
perceptible even with our best optical apparatus ? And all 
these minute organisms should be called cells. Very probably, 
a granule of living matter may be altogether too small to be 
perceived, and such a granule will agree as little with the idea 
of a cell as it will with the idea of an elementary organism. 

What at that time was called a structureless, elementary 
organism, a “ cell,” I have demonstrated to consist only in part 
of living matter, while even the minutest granules of this matter 
are endowed with manifestations of life. The cell of the 
authors, therefore, is not an elementary, but a rather compli- 
cated organism, of which small detached portions will exhibit 
amoeboid motions. 

The nucleus cannot be considered an essential part of the 
cell, for all good observers know that there are cells destitute of 
nuclei, and some authors have distinguished nucleated cells from 
“ cytodes” — cell-like bodies devoid of nuclei. (See page 2.) 

We can escape from the difficulties of a definition only by 
abandoning the designation “ cell,” in the sense of the zoologists. 
By this, our usual terminology will remain unaltered. The 
amoeba, f. i., or the colorless blood-corpuscle, the protoplasmic 
lump in the colostrum, the pus-corpuscle, are formations to 
which the term cell ” is not usually applied. We need no such 
word for properly designating what we mean by saying the 
amoeba, the colorless blood-corpuscle, etc., are alive ; or the 
amoeba, the colorless blood-corpuscle, are organisms. 

Such were my conclusions in 1873 ( 1. c.J, and here I wish to 
add a few remarks more as to the propriety of the term ‘‘ cell.” 

*Handbuch der Lehre von den Geweben. Art. “ Allgemeines iiber die 
Zelle.” 1868. 
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The size of a living body is not included in tlie definition 
of an organized individual. In the infusion, f. i., we see 
growing granules, just perceptible to the highest magnifying 
powers of the microscope, in a finid in which none were seen 
a short time before. The smallest individuals which we ai*e 
capable of seeing with the best microscopes of to-day, are 
granules ; but we must admit that germs or particles of living 
matter may be present in the air or in fluids in infinite numbers, 
which cannot be seen at all, and become visible only after having 
attained a certain size. How complicated the structure of a 
ininute particle of living matter may be, we can hardly imagine ; 
what we do know is, that the so-called cell ” is composed of 
innumerable particles of living matter, every one of which is 
endowed with properties formerly attributed to the cell-organism. 

The observation of the phases of development of the living 
matter demonstrates that the term “ cell ” was attached to only 
a limited number of forms, diming the changes that take place 
in a growing granule of a substance known to be the seat of 
life. As the term “protoplasm” was adapted to the original 
idea of the cell, it also meant only one or a few phases in the 
development of a lump of living matter. (See Fig. 19.) 


7 . 



Fig. 19. — ^Diagram of the Phases of Development of the 
Living Matter. 


L, series of develoiiment of a small gramile, a, into a vacuoleii lump, h and c, and into a 
frame-work, d. P, series of development into i>rotoplasm of a reticular structure ; tlie so-called 
cell,” e, with a solid, /, g, h, with vacuoled nuclei. P, series of development tending toward 
the formation of hasis-suhstanco ; in i, the nucleus reticular, the nucleolus solid ; in fc and I, 
the nucleolus splitting ; and in m, the original granule a transformed into a finely reticular 
mass, destitirte of nucleus and nucleolus. 
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The series of progressive changes, tending toward the forma- 
tion of protoplasm, proves that the original grannie is the 
morphologically simplest appearance for onr present means of 
observation. The growth and splitting of the grannie resnlts in 
the appearance of a reticular lump, a rather complicated organism, 
hitherto termed protoplasm ; and thus the relation between 
the two is about the same as that between an ovnm and a grown 
animal body. That a single lump of protoplasm — f. i., an 
amoeba — is endow'ed with all fundamental vital properties attrib- 
uted to the whole organism — f. i., a mammal — is acknowledged 
to-day by all physiologists. M. Foster attributes to the amoeba, 
which he considers an “ undifferentiated protoplasm,’’ the follow- 
ing properties : It is contractile ; it is irritable and automatic ; it 
is receptive and assimilative; it is metabolic and secretory; it 
is respiratory ; it is reproductive. 

All this holds good for isolated lumps of living matter, sus- 
pended in the liquids of the animal body. Is it applicable to 
complex masses of this matter — to tissues ! 

As I shall demonstrate later, there is no such thing as an 
isolated, individual cell in the tissues, as all cells prove to 
be joined throughout the organism, thus rendering the body 
in toto an individual. What was formerly thought to be a cell 
is, in the present view, a node of a reticulum traversing the 
tissue. Neither is there a good reason for speaking of proto- 
plasm, or for claiming that it is protoplasm which builds up the 
animal body; for living matter appears in the organism in 
various shapes, and it is but one of these, viz., an advanced 
stage of development of the living matter, which was hitherto 
termed “ protoplasm.” 

According to my observations, we have not to deal with 
cells as form-elements, either in the fluids or in the tissues of 
the animal body, but only with living matter, varying in its ap- 
pearance from the just perceptible grannie to the bulk of the body 
of the largest animal. Single lumps of living matter may either 
look homogeneous or show a net-like arrangement, whereas the 
body of an animal is a continuous mass of living matter or net- 
work arrangement, and contains fluids in blood and lymph vessels, 
in which there are suspended isolated bodies, either homoge- 
neous or reticular in structure, as analogous to the granules 
which float in the vacuoles of an amoeba. The difference in 
the aspect of the tissues depends on the presence of a lifeless 
basis-substance only, a derivative of the lifeless protoplasmic 
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fluid/’ while the living matter of the tissues exists mainly in the 
reticular stage, and is interconnected without interruption 
throughout the body. 

The question arises, are we justified in speaking of “ cells ” as 
the formative elements of plants ? The living matter of plants is 
not materially different from that of animals, so far as its appear- 
ance is concerned. W. Kuehne discovered vegetable lumps of 
protoplasm exhibiting amoeboid motion and locomotion, almost 
identical with that of amcebee. In fresh tissues of plants the liv- 
ing matter was for a long time known to be endowed with motion, 
as the granules were seen by E. Briicke and others, floating briskly 
in a liquid. My own limited researches enable me to assert that 
the granoiles of living matter in vegetable protoplasm are, as a 
rule, united in the shape of a reticulum in the same manner as in 
animal protoplasm. Besides, the researches of W. Hassloch (see 
page 40) elucidate the identity of both animal and vegetable liv- 
ing matter in a satisfactory manner. I may add that all cells of 
the vegetable organism are uninterruptedly connected by means 
of delicate offshoots, piercing the walls of the cellulose. The 
granules of amylum are transformed living vegetable matter. 
The plant in toto is an individual, and not composed of indi- 
vidual cells. 

The present generation of histologists will very probably 
never realize the harm done by the misnomer cell,” so fir ml y 
established during the last forty years. Nevertheless, I shall 
make an attempt to replace former misnomers by new words 
and terms, the originator of which is L. Elsberg.* He says : 

The formerly ruiquestioned “ cell” views of histologists are giving way to 
a more correct appreciation of the living matter of the body. In pathology, 
as in physiology, the cell doctrine has led to great advances in accurate 
knowledge as an aid and means of research, hut it has outlived its useful- 
ness. Instead of adhering to Virchow’s comparison, “that every higher organ- 
ism is like an organized social community or state, in which the individual 
citizens are represented hy the cells, each having a certain morphological 
and physiological autonomy, although, on the other hand, interdependent and 
subject to the laws of the whole,” we now compare the body to a machine 
in which, though there are single parts, these are materially connected to- 
gether, and no part is at all autonomous, but all combine to make up one 
individual. According to the former view, the body is composed of colonies 
of amoebae; according to the latter, the body is composed of one complex 


*Xotice ot the Bioplasson Doctrine. Transactions ot the American Medical Association, 
1876. Coutrihutions to tlie Normal and Pathological Histologj^ of the Cartilages ot the 
Larynx. Archives ot Laryngology, 188‘2. 
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amoeba. I have named this biological doctrine, •which is based on Heitzmann’s 
discoveries, the “bioplasson doctrine,” using the word ‘‘bioplasson ” only as a 
technical synonym for the two words ‘‘ living matter” ; and I use the term 
“ plastid,” proposed by Haeckel, or that of “ bioplast,” proposed by Beale, to 
denote a so-called “protoplasmic body,” or a form-element, a formerly so-called 
“cell.” Perhaps it would be the best to restrict the word “ bioplast ” to a small 
mass of living matter exhibiting no differentiation, and to distinguish from it 
as “plastid” the larger mass showing an interior structure more or less like the 
fully developed corpuscles. Thus, I would always use the term “plastid” in 
the place of “ cell.” 

The word “protoplasma” is etymologically incorrect for designating li'vdng 
and formative matter, as it has already been used by some authors with a 
meaning other than the simple one here intended ; and as it has not yet be- 
come so common that its retention or rejection is a matter of much conse- 
quence, I propose the designation “bioplasson doctrine.” 

The word plasma (to iiXda/xo(.) really means the formed, that which is 
formed, and plasson (to TiXdaaov) the forming, that which forms or does 
the forming. The distinction is the one so justly insisted upon by Beale in 
his discrimination between germinal or living matter djid formed material. The 
term plasm may, perhaps, be appropriately applied to the material formed 
from the fluid of living matter, the intermediate or intercellular substance of 
authors ; but the term plasson only can be applied to active, living, forming 
matter. Proto (TipcuToc) is a prefix signifying first, primary, primordial; 
and protoplasma has been used by some to denote the original or first-formed 
organic matter. But the term we are in need of for our biological doctrine is 
one that shall be an expression for living formative matter in its simple 
elementary form ; and for this purpose, it seems to me, bioplasson may appro- 
priately be chosen. 

The General Constitution of the Body, as Recognized hy Single 
riastids. In 1879* I published facts which, perhaps, are of 
some value to practical medicine, and certainly elucidate the prac- 
tical value of the new discoveries. I reprint my assertions with 
the only alteration that, in accordance with the new terminology, 
as suggested in the foregoing article, instead of protoplasm” 
and “ protoplasmic body,” I use the terms “ bioplasson ” and 
“ plastid.” 

The amount of living matter within a limited bulk of a plastid 
varies greatly in different individuals. It is obvious that what is 
called a healthy or vigorous constitution is based upon a large 
amount of living matter in the body, the new growth of which 
in morbid processes is very lively ; while a strumous or scrofu- 
lous or phthisical constitution must be caused by a relatively 
small amount of living matter, the new growth of which is 

* “ The Aid which Medical Diagnosis Receives from Recent Discoveries in 
Microscopy.” Archives of Medicine, February, 1879. 
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scanty in morbid processes. In other words, a plastid wiU exhibit 
coarse granulations, or it will be almost homogeneous-looking 
under the microscope, owing to the large amount of living matter 
in strong individuals of good constitution, while a plastid taken 
from a person with weak or strumous constitution will be finely 
granular, as but little living matter is present in it. 

Two years ago, I announced* that pus-corpuscles show 
remarkable differences in their minute structure in different 
individuals. Those from otherwise healthy and strong persons 
are yellow, almost homogeneous, or coarsely granular, I said, 
while those from broken-down, weakened, or strumous persons 
are pale gray and finely granular. This fact has been made use 
of in hundreds of cases, when pus-corpuscles, mainly in urine, 
were brought by different physicians to my laboratory for exam- 
ination, for telling whether the pus belongs to a good or a bad 
constitution, of course without any knowledge of the patients 
themselves. I was right in every instance ; not one mistake has 
occurred. 

About one year ago I announced! that the colorless blood- 
corpuscles also demonstrate striking differences as to their 
minute structure, according to the general constitution. I said 
that the colorless blood-corpuscles are coarsely granular and 
slow in their amoeboid motions under the microscope, if taken 
from healthy, vigorous, strong persons; on the contrary, they 
are pale gray, finely granular — viz., poorly provided with living 
matter — in broken-down or phthisical individuals. I expressed 
my hopes that at some future time practical use might be made 
of these differences. To-day my hopes have turned, after three 
years’ earnest study, into accomplished facts. 

The method of examination of the blood for our purpose is 
extremely simple. We oil the edges of a thin covering-glass on 
one side with a curled piece of paper, serving as a brush. Prick 
with a pointed pin the palmar surface of the thumb, near the 
wrist- joint, thus giving a good convex surface, and being least 
incommoded by the injury. Squeeze out a small drop of blood, 
the size of which has to be learned by some practice. Place the 
glass slide on the di-op for transportation, and immediately cover 
up the specimen with the covering-glass, the oiled edges looking 
toward the slide. Such a specimen holds the blood in a living 

* See page 32. 

t ‘‘On the Nature of Suppurative Processes of the Skin.” A paper read 
before the County Medical Society of New York, 1877. Unprinted. 
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condition at least one lionr. It is not necessary to nse the heated 
stage, because the colorless blood-corpnseles exhibit their struct- 
ure in an ordinary comfortable temperature of the room — nay, 
sometimes show slight amceboid motions. The magnifying power 
should be at least 800 diameters, the lens to be used being best a 
one-tenth of an inch immersion. As a matter of course, the lens 
we use must be first-class. Considerable skill is required for 
such studies, which embrace first the knowledge of the structure 
of the bioplasson in general. A few months’ — nay, a few weeks’ 
— thorough study under the direction of a reliable teacher will 
suffice to enable every one to see what really can be seen in the 
plastids, and to entitle him to judge also of the differences. I 
never had difficulties in demonstrating the net- work structure of 
the plastids to any one who was in earnest with his microscopical 
studies, and took them for more than play. After having ob- 
tained a certain practice, one is enabled to tell differences in the 
anatomy of the colorless blood-corpuscles with a power of 500 
diameters only. 

Several years ago, I was first struck by the fact that the ele- 
ments establishing the condition of catarrhal pneumonia and of 
tuberculosis, both acute and chronic, are decidedly pale and finely 
granular. Next I learned that pus and colorless blood-corpuscles 
of strong men are partly homogeneous, or at least coarsely 
granular. Then I followed these studies by examining the blood 
of different physicians who came to work in my laboratory, and 
who could give reliable histories of both their families and their 
own bodies. Thus I have arrived at a point of perfection which 
allows me to tell the constitution of a person without knowing 
anything of his former life. 

Besides the differences in the structure of the colorless blood- 
corpuscles, as described above, valuable hints may be obtained 
from other circumstances. The number of colorless blood-cor- 
puscles in a given drop of blood is surprisingly different in differ- 
ent persons ; the better the constitution, the fewer are these 
bodies. A sleepless night, however, is sufficient to increase their 
number, which fact often enabled me to tell physicians, by exam- 
ination of their blood, whether business was going slowly or lively, 
the latter inducing sleepless nights, or repeated awakening by 
patients, or so-called nervousness. 

Catarrhal processes, so-called colds, of any of the mucous 
membranes, lead to increase of the number of the colorless blood- 
corpuscles ; a chronic condition of these processes is indicative 
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of a poor constitution per se. The colored blood-corpuscles 
greatly vary in their yellow tinge in different persons ; the paler 
this tinge is, the more readily we can tell pale looks of the face or 
chlorosis. The colored blood-corpuscles stick together in coin- 
like rows only when the plasma holds a larger amount of fibrin j 
in the blood of persons with a poor constitution, such rows do 
not occur ; in individuals of moderate vigor, the rows temporarily 
may be missing, at other times present. In the blood of persons 
of good constitution, who had passed through severe ailments, I 
several times found both coarsely and finely granular colorless 
blood-corpuscles, just as in originally healthy persons who, by 
chronic diseases, become broken down. In fact, the microscope 
reveals so much of the general health of a person that more can 
be told by it, in many instances, than by the naked eye, or by 
physical examination. 

Life insurance slionld be based upon microscopical examination, as well 
as on percussion and auscultation. Marriages should be allowed, in doubtful 
cases, only upon the permit of a reliable microscopist. Last season a young 
physician asked me whether I believed in the marriage among kindred. He 
fell in love with his cousin, and so did the cousin with him. I examined his 
blood, and told him that he was a ‘ ‘ nervous ” man, passing sleepless nights, and 
had a moderately good constitution. The condition being suspected in the 
kindred lady, marriage was not advisable for fear that the offspring might 
degenerate. So great was his faith in my assertions that he gave up the idea 
of marrying his cousin — offering her the last chance, viz., the examination of 
her blood. This beautiful girl came to my laboratory, and, very much to my 
surprise, I found upon examination of her blood a first-class constitution. The 
next day I told the gentleman, '‘You had better marry her.” 

As a matter of course, every particle of tbe organism, either in 
a normal or in a morbid condition, will exhibit characteristics as 
attributed to the colorless blood-corpuscles. The bioplasson is 
one uninterrupted mass throughout the body, and is connected 
from the top of the head to the heels, in what we call tissues. 

Several months ago. Dr. Paul F. Munde bi’ought me a specimen of the 
size of a pea, which, he said, he found in a large amount of fluid blood 
vomited out half an hour before by a patient. After immediate examination 
of a section from the specimen, I told the doctor that his patient was a pale, 
emaciated, nai-row-chested person, who had catarrhal pneumonia, which led 
by localized gangrene to sloughing of the piece of the lung, on which a broken 
blood-vessel was visible. I foretold, besides, that the patient would die within 
one year. I explained to the doctor and to Dr. L. Elsberg, who also was 
present in the laboratory, what led me to such a diagnosis and prognosis. 
There were visible alveoli of the lung, and both the walls of the alveoli and 
their calibers were crowded with inflammatory corpuscles, coagulated fibrin 
being absent. These are symptoms of catarrhal pneumonia. In some parts 
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clusters of micrococci could be seen — characteristic of putrefaction, there- 
fore gangrene of the tissue. The inflammatory corpuscles looked very pale 
and finely granular, the evidence of a bad, phthisical constitution, and all 
these signs together allowed the diagnosis of a limited viability, hence the 
disastrons prognosis. The doctor told us that no physical symptoms could be 
found in the lungs justifying my diagnosis. Still he admitted right away 
that the patient was a pale-looking, thin, and narrow-chested young man, 
whose brother had been sent to Florida some time ago for chronic tubercu- 
losis of the lungs. One week afterward, the doctor came to tell me that the 
physical symptoms at present were so marked in the lungs, that the diagnosis 
of catarrhal pneumonia was evident. Seven weeks afterward the patient 
was dead. 

The facts here laid before the medical profession may con- 
vince even the most skeptical physician that microscopy is 

destined to play an impor- 
tant part in the science of 
medicine. Let ns proceed 
in skillful, honest work, and 
we shall succeed in raising 
the standard of microscopy 
still higher, and make it not 
only a valuable, but rather 
an indispensable, assistance 
to clinical work. Much more 
could and should be done in 
this country by the profes- 
sion at large than is done 
at present, for the perfection 
of that most interesting and 
useful science, the science of 
ourselves — Biology. 

Only little is to be added 
to these assertions. Several 
years’ more study has con- 
vinced me of their correct- 
ness, and the difference in 
the appearance of bioplas- 
son, according to the differ- 
ence in the general consti- 
tution, is so striking as to 
admit of a diagrammatic 
representation, for which 
we may choose pus-corpus- 
cles. (See Fig. 20.) 
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Fig. 20. — Diagram of Pus-corpuscles 


OP Persons of a Different Consti- 
tution. 

m, pus-corijuscle of an excellent constitution ; tlie 
bioplasson nearly compact, containing a few small 
vacuoles, alive in a, alive and contracted in 6, dead 
and contracted in c. G, pus-corpuscles of a good 
constitution ; the bioplasson coarsely granular, 
alive in a, alive and contracted in h, dead and 
contracted in c. 31, pus-corpuscle of a middling 
good constitution ; the bioplasson less coarse, with 
a compact nucleus ; alive in a, amceboid in h, dead 
in c. F, pus-corpuscle of a poor constitution ; the 
bioplasson comparatively scarce, finely granular, 
vesicular nuclei very distinct ; alive in a, amoeboid 
in 6, dead and bursted in c. 
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Whenever we meet with pus-corpuscles in a specimen of 
urine or sputa, or, for instance, with colorless blood-corpuscles 
in a drop of blood, which exhibit the features here illustrated in 
a uniform manner, the conclusion as to the general constitution 
of the individual can be made with certainty. The exclusive 
presence of pus-corpuscles of the series P is a sure sign of a 
so-called ‘tuberculous or phthisical” constitution. 

Should pus or blood corpuscles of the series E be mixed with 
those of the series G and M, this means that an originally excel- 
lent constitution has become lowered by disease — the more so 
the greater the number of the corpuscles like those of the series 
P. Persons of a moderately good constitution, broken down by 
chronic ailments, or by circumstances not favorable to their 
nutrition, gradually exhibit, mixed with corpuscles of the series 
Jf, those of the series P. The presence of the series P admits of 
longevity rarely, and only under the most favorable external 
conditions ; the more the formations c of the series P prevail, 
the surer it is that the death of the individual is approaching. 

Many other conclusions as to the significance of the amount 
of bioplasson present must be postponed, as they are not as yet 
sufficiently proved. Obviously, these may in the future lead to 
an important medical achievement in the prevention of disease. 

The features I have described as to the stages of develop- 
ment of living matter must be combined with the conclusions 
just stated, because the plastids of tissues — I am sure of those 
of bone and cartilage — exhibit, in all stages of development, 
differences due to differences in general constitution. 


V. 


THE STRUCTURE OF COLORED BLOOD- 
CORPUSCLES. 

By Louis Elsberg.* 

T he discovery of red corpuscles in the blood was one of the 
first results of microscopical study, over two hundred years 
ago. Since that time no other constituent of the body has been 
more frequently examined. Nevertheless, the structure of col- 
ored blood-corpuscles has not heretofore been ascertained. 


I. 

The examination of a small drop of fresh human blood, mixed 
with a drop of from 40 per cent, to 50 per cent, saturated solu- 
tion of bichromate of potash, and highly magnified,! reveals in 
the course of a few hours the following : 

Perhaps the first thing noticed is that the colored corpuscles 
vary in size. 

* “Annals of the New York Academy of Sciences,” vol. i., 1879. 

.t My investigations were made with a jh immersion objective, manu- 
factured by Tolies, of Boston, and a No. 12 immersion made by Verick, of 
Paris, either of which, with the eye-piece that was used, magnifies about 1000 
times. An exceedingly thin cover having been oiled near the edges, the drop 
of blood obtained from a pin-prick in the palm of the hand, and transferred 
on a slide, is mixed with a drop of the solution previously prepared, covered, 
and without delay placed on the microscope stage. By a 50 per cent, satu- 
rated solution, I mean a saturated solution diluted with an equal quantity of 
distilled water; by a 40 per cent., one containing three-fifths water; by a 
60 per cent., one containing two-fifths water, etc. : I always prepare a sat- 
urated solution, and then dilute. 
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Having made a number of measurements, I can state that in 
every person’s blood that I have examined, there are some as 
small as, or smaller than, the s-ijj, and in nearly every person’s 
some as large as, or larger than, the 2 ygY inch in diameter 

{i. e., .00655 and .00917 mm.), with transitional sizes between 
these. The extremes are sometimes not met with in each field of 
a drop, nor even in every drop of a person examined ; but I have 
not found any adult of either sex from whose blood the smaller 
extreme was absent, and only very few without the larger. I 
have repeated the measurements of blood-corpuscles without 
the addition of the re-agent, both with and without oiling the 
edges of the covering-glass, — i. e., with and without preventing 
the ordinarily rapid evaporation, — with practically the same 
results; drying of course contracts blood-corpuscles, and cor- 
responding variations are observed. Some of the disks are in 
outline not perfectly circular ; by measuring the largest diameter 
of the largest and the smallest diameter of the smallest disks, 
the extremes I have met with in one and the same specimen of 
human blood are, as to the smallest, about the goVo? to 

the largest, the of an inch fi. c., .00422 and .01016 mm.). 
If the detached globules, which I shall describe, be counted as 
blood- corpuscles, there are even still smaller ones. In each speci- 
men of blood, the majority of red corpuscles, however, are of about 
one size, which differs in different specimens, but is most fre- 
quently between the xtVo of an inch (.00655 — .00819 

mm.), or somewhere about the of an inch (.0075 mm.). The 
calculated average of the size of the red corpuscles in a drop — 
i. e., the arithmetical mean of the measurements — is usually a 
little higher than the size of the majority of the corpuscles. 

A very few, especially the smallest, but occurring exception- 
ally also among the larger, seem more or less globular ; all others 
are bi-concave disks, the periphery being more shining and thick 
than the central portion. 

So-called rosette” and ^Hhorn-apple” forms may be seen, 
•either immediately or in the course of a little while. I have often 
watched the individual corpuscles while these forms, and many 
others, were being produced ; and in Part III. of this communica- 
tion I shall offer an explanation of their production. 

Concentrating our attention upon the shape of the circular 
disks, we soon find that the round outline of a few (and the same 
is at times also true of the smooth siirface) begins to be made 
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irregular at one or more points. This occurs in either of two 
ways, viz, : by indentation and by protrusion ) sometimes the 
one, sometimes the other, first takes place ; frequently both 
appear in different corpuscles at about the same time; occa- 
sionally both are hiet with in the same corpuscles ; in differ- 
ent preparations either the one 
or the other predominates. 

First. In from fifteen min- 
utes to an hour a very shght 
indentation may appear, and 
gradually deepen, so that the 
corpuscle be nearly cleaved 
through ; then the clefts may 
gradually become shallower, so 
that again a mere indentation 
is seen ; finally, even this may 
disappear, and the corpuscle be 
rounded again (see Fig. 21, a). 
Division into two separating 
halves I have never observed 
under these circumstances, al- 
though I have often watched 
for it. The furrow of every 
corpuscle that I have caught 
nearly cleaved through, either 
remained stationary, or usually 
retrogressed to a greater or less 
extent. The retrogression may 
stop at any point, and the fur- 
rowing again increase ; and 
this going and coming of a 
cleft, though taking place 
slowly, may continue for some time, and then stop at any stage 
of indentation. Sometimes indentations appear at two or more 
points of the same corpuscle, and in their progress give rise to a 
great variety of angular, regular, and irregular “rosette,” “ scal- 
loped,” “ crenated,” “thorn-apple,” and “ stellate” forms (see Fig. 
21, &, c, dj. The sharp-pointed ends seen in the last figure of d 
are the extremes met with, and exceptional ; usually the ends are 
plump and rounded. These forms, as well as those of single 
cleft, after changing backward and forward, either persist or 
become finally rounded off to a greater or less degree ; in some 




Fig. 21. — Shape-changes of Colored 
Blood -CORPUSCLES by Indenta- 
tion. 

a, iirogressing and retrogressing fnrrowing ; 
h, indentations leading to irregular foims; 
c, indentations leading to more or less regular 
forms; d, instances of extreme and excep- 
tional forms, especially tlie sliarp-pointed stel- 
lated iignro ; e, four phases of form-change, 
observed in one corpuscle, with separation of a 
constricted portion. 
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cases constriction of portions more or less minute occurs, with 
separation following constriction (see Fig. 21, ej. Sometimes con- 
stricted portions remain attached for a long time by a more or 
less long and slender pedicle. Transitionally or permanently, in 
any of the cases mentioned, the most curious and grotesque shapes 
may be met with. In the cases, too, of constriction and separa- 
tion, the corpuscles, with the portions attached and unattached, 
sometimes gradually become rounded off so as to look like a 
parent globule surrounded by a number of little ones. 

Secondly. Usually in the course of half an hour, the protrusion 
of little round or roundish, more or less light colored, knobs takes 
place. At first, only very few corpuscles show knobs, and the 
knobs are exti:emely small and few in number, say only one, or 
at most two or three, on a corpuscle ; but in the course of an 
hour or two, more cor- 
puscles protrude knobs, 
more knobs are pro- 
truded from one corpus- 
cle, and the knobs grow 
larger (Fig. 22, aj. Occa- 
sionally a knob is drawn 
in again, and the former 
contour reestablished. In 
some instances protru- 
sion and retraction occur 
repeatedly, so that knobs 
appear and disappear, or 
become larger and small- 
er, very slowly but repeat- 
edly, for some time. Oc- 
casionally a knob is pedunculated, and sometimes becomes de- 
tached from the corpuscle, while, on the other hand, some knobs 
are quite sessile. 

I have measured portions detached in either of the two ways 
described, and found them to vary from the Wo the ^ of 
an inch (.00084 — .00338 mm.). All except the very largest may 
usually be seen in constant oscillatory (molecular) movement, 
and) unless entangled between larger stationary corpuWles, easily 
moving across the field (the latter probably caused by minute vari- 
ation from absolute equilibrium level of the microscope stage). 

'In some dentated or so-called “nmlberry’’ forms, knobs or 
small eminences protrude from the face of the disk, which may 



Fig. 22. — Knob-formation, Principally 
BY Protrusion. 

a. Nos. 1 and 2, progressive and retrogressive protru- 
sion; No. 3, one pedunculated and three sessile knohs ; 
No. 4, detachment of two knohs; &, protrusion of knohs 
at the periphery and on the surface ; in No. 3, the knohs 
surround the whole hody of the corpuscle ; and in No. 4, 
tliey are still more numei'oxis. 
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give to the inexperienced observer the impression of internal 
grannies; bnt proper focusing corrects this impression, and 
shows the knobbed surface. (Fig. 22, hj. 




Fig. ,23. — Coalescence op Two or More Corpuscles, Giving Eise to 
Chains and Irregularly Shaped Compound Bodies, with the Net- 
work Structure Visible. 



In addition to the protean changes in shape initiated by in- 
dentation and protrusion, there are still others occasionally met 
with, due to combination or coalescence of two or more cor- 
puscles. In the course of twenty-four 
hours or more — though this occui’s 
in by far the smaller number of prep- 
arations of blood examined — two or 
more adjacent colored blood-cor- 
puscles may, with a larger or smaller 
portion of their periphery, unite 
and form compound bodies, some- 
times chains or other strange shapes. 
(Fig. 23.) 





Fig. 


24. — Vacuoled Cor- 
puscles. 


Almost immediately on being ready 
for examination, a very few colored 
blood-corpuscles show a light central 
vacuole. In the course of the examina- 
tion, a number of vacuoles, either of 
different sizes or all of the same size, 
may appear in a corpuscle. Usually, 
a vacuole is round or roundish, but it 
may assume various irregular forms 
— some of which may perhaps have 
resulted from a union of several, and 
the breaking down of the separating 
waUs. (See Fig. 24. The three lower 
figures show appearance of vacuoled corpuscles seen on edge.) 
Vacuoles sometimes persist, and sometimes, after a longer or 


In tlie Tipper line are seen three 
corpuscles, each with a different 
sized central vacuole ; in tlie middle 
line, the first figure shows three vacu- 
oles in one corpuscle; tliese vacuoles 
are represented in the second figure 
to he close togetlier, and in tiie thiid 
figure, the separating walls of ap- 
parently five yacuoles liave broken 
down, and one irregularly shaped 
larger vacuole is seen. The lower 
line shows tlie appearance of vacu- 
oled corpuscles seen on edge. 
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shorter continuance, suddenly disappear. They are either empty 
or else contain one or more granules.' 

Soon after the corpuscles are studied, sometimes from the 
first, a difference is noticeable as to the intensity of their colora- 
tion ; some are paler than others. Gradually a larger number of 
corpuscles become pale, and the degree of paleness, too, increases. 
There is a great difference in respect to the rapidity of “paling” 
of colored corpuscles, in blood taken from different persons, even 
in blood of the same person taken at different times, and with 
different strengths of the admixed solution of bichromate of 
potash. 

Usually, in blood of healthy persons, examined as I have 
described, in about an hour from the time the drop of blood is 
placed on the slide, a few of the corpuscles that are least deeply 
colored appear to have become somewhat granular in their inte- 
rior. Focusing shows that this is not the optical illusion alluded 
to in the case of knobbiness of the surface. 

Soon the granules or dots seem more distinct ; short, conical 
thorns, or more delicate spines, appear to issue from one or two 
of the largest of them ; and, on close inspection and focusing, 
some appear to be connected by irregularly concentric filaments. 
In the course of five minutes more, a complete net- work is dis- 
tinctly seen in the interior of one or more corpuscles, and what at 
first appeared to be granules turn out to be thickened points of 
intersection of the threads forming this reticulum. These points 
or dots are irregularly shaped, and vary in size. (See Fig. 25.) 



Fig. 25. — The Structure of Five Colored Blood-corpuscles. 


In tlie flrst, there is seen an encircling hand of uniform thickness, in which are inserted 
numerous threads of a net- work ; a numhor of knots are in the interior, whicli are seen to 
he the points of intersection of tlireads constituting a net-work ; in tlie lower portion of the 
disk there is a larger knot, wiiicii may ho called a nucleus. In tlie liftli corpuscle the com- 
plete net-work structure is best seen ; in tliis corpuscle there is seen at tlie iieriphery, instead 
of an encircling hand, a number of knots united by threads, having the appearance described 
as beads, each a little separated from its neighbors on the string. The second corpuscle 
shows the net- work and encircling band, as the majority of corpuscles show them. In the 
third, a lighter band is seen, and an irregular flap, produced by either indentation or protru- 
sion, or both. The fourth exhibits a large flap or knob at its lower portion, with a stretched or 
extended net-work. 

Radiary threads of the net-work terminate at the periphery 
of the corpuscle, either with thickened ends connected by threads 
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— giving an appearance of unevenness to the outer boundary, as 
though it were constituted by a wreath of beads, each bead sepa- 
rated from its neighbors on the string — or, far more frequently, 
with terminal points lost in an encircling band of a uniform 
thickness, often greater than either the interior threads or most 
points of intersection. From this appearance, as well as that of 
the so-called “ ghosts,” to be presently described, it is not to be 
wondered at that careful observers have ascribed to colored blood- 
corpnscles the possession of an investing membrane. 

As the “paling” progresses, an increasing number of cor- 
puscles show the interior net-work, essentially as I have just 
described, and identical in construction with 
the net-work discovered by C. Heitzmann 
in amoebae, colorless blood- corpuscles, and 
other living matter of the body, a discovery 
which I communicated to the American 
Medical Association more than three years 
ago. 

Gradually an interior net- work structure 
becomes visible in nearly all the corpuscles 
in the field, except the smallest, whieli appear 
more or less compact ; and occasionally a 
corpuscle is met with having a central, or 
slightly eccentric, dot of such relatively large 
size that it might be interpreted as a nucleus. 
Some movement takes place in the net- work; 
for sometimes the threads change in length, 
and perhaps in thickness, and the dots change 
their position and their size. 

In the course of another half-hour or hour, 
the net-work becomes less distinct in the 
palest corpuscles ; and in these gradually 
fades away. Then, for some time, the net- 
work remains visible in nearly all corpuscles 
except those that are too pale or too small; 
vacuoles, one or more, appear in many of 
the latter ; while the former occasionally 
show indications of irregularly massed matter in their interior, 
though usually nothing is seen of them but double-contoured 
rings which have been called their “ ghosts ” (see Fig. 26). 
During this time, also, a quantity, sometimes rather large, of 
detritus accumulates. 



Fig. 26. — The Final 
Phases of Colored 
Blood - corpuscles 
Treated with an 
Appropriate So- 
lution OP Bichro- 
mate OP Potash. 

In the upper let't-li.'iiul 
tigure tliere is a douhle- 
coutonred ring, witli ii- 
regnlarly massed matter, 
showing traces of a net- 
work ; in the lower riglit- 
hand figure tliis is less 
distinct; and in the two 
lower left-hand figures are 
represented two so-called 
“ghosts”; above these 
there is detritus —i. e., two 
or tliree detached por- 
tions; and to the right- 
hand upper figure tliere is 
attached a mass which has 
apparcntlj^ been extruded. 
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It appears as though the net- work is most plain in corpuscles 
that have suffered either not at all or hut little from detach- 
ment of a portion of their substance. The active changes of 
indentation and protrusion have usually disappeared in a large 
number of corpuscles, by the time “paling^’ has sufficiently 
progressed to render the interior structure visible. As before 
stated, some corpuscles permanently retain scalloped and 
knobbed forms, while the majority are finally more or less 
rounded off ; but the play of changing shape of many corpuscles 
is going on at the same time that this net- work is seen. 

After a while, firrther paling” stops, and the net-work 
structure of all corpuscles which show it, remains visible 
indefinitely long. 

Blood-corpuscles, from hemorrhage in the bladder, in the 
urine of the late Dr. H****y, preserved with some bichromate of 
potash, still show the net- work after three years. 

Specimens of blood taken from different individuals exhibited 
all the phenomena described, but with some slight differences 
among each other as to the order and time of appearance. 

A 40 per cent, saturated solution of bichromate of potash, 
admixed with the blood, was found entirely satisfactory for the 
demonstration of all the phenomena; and some variation of 
strength — i. e., between the limits of a 35 per cent, and a 50 per 
cent, saturated solution — made no appreciable difference. 

Of other solutions of bichromate of potash, it is sufficient to 
state the following : 

With a 30 per cent, saturated solution, the phenomena are 
also to be seen, but appear more slowly, and quite a number of 
corpuscles usually remain more or less unpaled. 

With a 20 per cent, saturated solution, the changes proceed 
still more slowly; comparatively few indentations occur; the 
net-work of the majority of corpuscles is visible after the lapse 
of twenty-four hours, but many remain entirely unaffected. 

With a 10 per cent, saturated solution, vacuolation appears, 
also a little changing indentation and protrusion, but not suf- 
ficient paling to render the net-work visible even after several 
days. 

With a 60 per cent, saturated solution, the majority of the 
corpuscles had already become pale by the time the specimen 
was in place for examination. Some showed interior net- work, 
some only double-contoured rings. Protrusions were seen. 
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especially in the corpuscles not mnch paled; in one instance, 
a pale ring was also seen with a large pedunculated protrusion 
(Fig. 26). During two hours, changes of scalloping and of knobs 
took place faster than is usual with blood mixed with a 40 per 
cent, or 50 per cent, saturated solution, but they could not be fol- 
lowed so distinctly. Extreme paling rapidly proceeded, and mnch 
detritus filled the field, with only very few compact globules. 

With a 90 per cent, saturated solution, the process of scallop- 
ing was completed in twenty minutes ; and in thirty minutes a 
net-work was visible in a few roundish corpuscles, surrounded 
by masses of granular detritus. In addition, a large number of 
“ ghosts” could be seen. Here and there a “ ghost” would show 
a faint net- work. 

With a saturated solution added undiluted, the net- work was 
after one hour visible in some corpuscles, but most of them were 
destroyed ; of a few left intact, some looked homogeneous, and 
some vacuoled. The field was full of faint, double-contoured 
rings and a large quantity of granular detritus. 

The net-work structure of colored blood-corpuscles is visible 
also in anatomical preparations whieh have been kept for a length 
of time in MiilleFs fiuid. 

In some of my examinations, especially the earlier, I used the 
heated stage ; but as the phenomena described were seen at the 
ordinary temperature of a well-warmed room, I deem it best not 
to say anything here of variations of temperature. 

In this communication I omit the mention, also, of the 
remarkably varying amount of fibrine threads seen in different 
preparations of blood ; nor do I enter at length into the question 
of “ detritus formation,” or whatever else one may interpret as 
the appearance in the field of an increasing number of free gran- 
ules, and granular masses or plaques.* 

In addition to human colored blood-corpuscles, I have exam- 
ined those of lower animals. Essentially the same intimate 
structure as that which I have described exists in all. As exam- 
ples, I will quote from my note-book a few words referring to 
the examination of the colored blood-corpuscles of the ox and 
the newt — the one an example of the unnucleated, the other of 
the nucleated corpuscles. 


* Max Schultze, who saw some of these granules and granular plaques in 
healthy blood, prefers the designation “granule formation,” as being non- 
committal. — Archiv fur Mikroshopische Anatomie, vol. 1, p. 38. 
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A drop of fresh ox-blood, mixed ■with a 50 per cent, saturated solution of 
bichromate of potash, and highly magnified (Tolles’s j ^2 immersion) exhibited, 
■within t^wenty minutes, vacuolation beginning in several red corpuscles. 
Within forty minutes, knobs ■were protruded, though not copiously. In the 
course of an hour, ‘‘ paling ” proceeded regularly, so that the net-'work became 
■pisible in some, and within two hours in a large number, of the corpuscles. 
After three hours the net-work, the note-book says, was very distinct in 
many corpuscles, with some detritus and a few “ ghosts.” Twelve hours 
later, about one-half of the whole number of corpuscles showed the reticulum, 
while the other half were either vacuoled or unchanged. No further change 
was observable for two days. After the third day, some few corpuscles, per- 
haps, that had not shown the net- work structure before, now did; but the 
paled ones had become too pale to do so, except a very few which showed it 
finally. The rest had become “ghosts,” with much detritus. A week later, 
nearly all the corpuscles that had exhibited the net-work had become 
“ghosts,” only in a very few of which faint traces of the reticulum could 
be made out. The rest were still unchanged, as on the first day, and remained 
so as long as the specimen was kept. 

The red blood-corpuscles of the newt, examined in a 50 per 
cent, saturated solution of bichromate of potash, into which a 
drop of the blood from the freshly cut tail had been allowed to 
fall, presented peculiar changes of shape, consisting mainly in 
contractions of the body around the nucleus. 

The nuclei always exhibited the net-work structure, either 
perfect, and more distinct than in specimens unmixed with the 
solution, or, when the nucleus was swelled to double or treble its 
original size, with the net-work torn. Just as in the case of the 
colorless corpuscles, there were seen two kinds of red corpuscles, 
finely granulated and coarse granular, the granules always being 
the points of intersection of the threads of the net-work. In 
both kinds, the body as well as the nucleus exhibited the reticu- 
lum structure. The net- work of the body and that of the nucleus 
were connected by fine threads passing through the nuclear 
envelope. In many instances the body was reduced, either to two 
polar flaps, bulging from each side of the nucleus, or to one flap, 
more or less colored, at the side of the nucleus ; in other instances, 
it was uniformly contracted around the enlarged nucleus. 

Many colored corpuscles contained vacuoles, in varying num- 
ber, which were either empty or traversed by an exceedingly 
delicate, apparently stretched, reticulum, or else contained irreg- 
ular accumulations of matter with remnants of the net- work. 


II. 

My observations as to amoeboid movements of colored blood- 
corpuscles, as well as to varieties of size and shape, — observations 
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which were really only incidental while investigating the struct- 
ure, the main object of my researches — have been anticipated 
by previous investigators. One saw, and reported as an extraor- 
dinary finding, one or more forms or active form-changes like 
those I have described ; another others 5 some a far greater num- 
ber than I. “ Fehlt leider nur das geistige Band.” The band 
which connects and explains the phenomena observed is the 
discovery of the structural arrangement. 

In the following historical sketch of points bearing on my 
observations, I shall refer to a few only of the legion who 
have made colored blood-corpuscles the subject of their investi- 
gation. 

More than a hundred years ago, William Hewson, after asserting that the 
red corpuscles are of different sizes in different animals, added : “I have like- 
wise observed that they are not all of the same size in the same animal, some 
being a little larger than others,”* * * § etc. Hewson’s editor, Gulliver, who has made 
a very large number of measurements of red blood-corpuscles of different 
animals, and is “our highest authority upon the subject,” said of his own 
elaborate tables : “ We are only speaking now of the average size, for they vary 
like other organisms ; so that in a single drop of the same blood you may find 
corpuscles either a third larger or a third smaller than the mean size, and 
even still greater extremes” ; t and more recently,t “But as I have long since 
shown, the corpuscles in one species of the vertebrate class, as seen in a 
single individual thereof, vary so much in size that their average dimensions 
cannot be determined with absolute precision; and were this fact kept in 
view much needless discussion might be spared.” 

Beale, also, long ago called attention to the fact that “corpuscles may be 
found which are not more than the fifth or sixth of the size of an ordinary 
blood-corpuscle. Again : “ The red corpuscles vary in size, and more than is 
usually supposed ”; 11 and again: “It is generally stated that the red blood- 
corpuscles of an animal exhibit a certain definite size ; but it will be found 
that they vary extremely, so that corpuscles exist of various dimensions.” H 

Welcker ** found in the blood of Dr. Schweigger-Seidel colored blood-cor- 
puscles as small as. 0051, and as large as .0085 mm. Altogether, the mini- 

* “ Pliilosophical Transactions,” vol. Ixiii., Part n., p. 320 (read June 24, 1773). Tlie works 
of William Howson, F. K. S., Edited, witli an Introduction and Notes, by George Gulliver, 
F. K. S., London. Published by the Sydenham Society, 1840 ; i>. 234. 

t “ Lectures on the Blood ot Vertebrata.” Medical Times and Gazette, \ol. ii. of 1862, 
p. 167. 

I “Comparative Pliotographs of Blood-disks.” Monthly Microscopical Journal, Novem- 
ber, 1876, p. 240. 

§ “ Archives of Medicine,” vol. ii. (No. 8), p. 236, and Quarterly Journal of Microscopical 
Science, April-May, 1801 ; p. 249. 

II “ Observations upon the Nature of the Bed Blood-corpuscles.” Transactions of the 
Microscopical Society of London (read Dec. 9, 1863), vol. sii., N. S., p. 37. Quarterly 
Journal of Microseopical Science, Jan., 1864. 

T “ The Microscope in its Application to the Practice of Medicine,” third edition. Ee- 
I)ublished in Pliiladelphia, 1867 ; p. 170. 

** “ Grosse, Volum und Oberliilche und Farbe der Blutkdrperchenbei Menschen und bei 
Thieren.” Zeitsclirift fiir rationelle Medicin, S, iii., vol. xx. (1863), p. 237. 
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nmm measurement recorded in his table is .0045 mm., and the maximum, 
though not in the same specimen, .0097 mm. He remarks : ‘‘I have always, 
both in animals and in man, found the transverse diameter of the blood- 
corpuscles of one and the same individual vary from one-fourth to one-half of 
the mean measurement ; and it appears that all the sizes lying between the two 
extremes are present in tolerably equal numbers, with the exception of the 
smallest corpuscles, which occur for the most part singly and at intervals.” * 

Max Schultze distinguished in his own and other persons’ healthy blood two 
forms of colored corpuscles, viz. : globular and disk-like ; the globular, few in 
number, vary from .005 to .006 mm. in size ; and from these there are grad- 
ual transitions to the ordinary disks, which measure from .008 to .010 mm. t 

The smallest colored corpuscles which Klebs reported t having found in his 
own blood varied from .0058 to .0066 mm. ; but in blood from the corpse of 
a leucEemic child he observed a few as small as .00416 mm. 

Woodward said : “ The truth is that not only do the individual corpuscles 
in every drop of blood vary considerably in size, but as might be anticipated 
from this very fact, the average size obtained by measuring a limited number 
of corpuscles (50 to 175, still more in the case of but 10 to 50, as usually 
practiced), varies considerably, not only between different individuals, but 
also between different parts of the very same drop of blood.” Both the maxi- 
mum and the minimum which he found — viz.: the 396 millionths and the 
216 millionths of an inch, or .01005 and .00548 mm. — were present in the 
same field of one drop. § 

Berchon and Perrier || state that the colored blood-corpuscles of the 
foetus and the newly born are on an 'average smaller than those of 
adults. The extremes given are: minimum, .0031 to .0062 mm., and 
maximum, .0091 to .0093 mm. ; but they do not mention that the extremes 
occurred in one and the same case. More recently, Perrier H measured 
blood-corpuscles of thirty-five individuals of different ages, and found that 
those of .010 mm. were very frequent in the first days after birth, while later 
they occurred much more rarely. After the first year, blood-corpuscles meas- 
uring .0093 mm. were rarely present in greater proportion than ten in a hun- 
dred; and in adults often absent. Such of .0043 mm. occurred most often in 
the aged and in children. The diameter of the great mass at every age varies 
from .0050 to .0087 mm. ; within these limits those of .0075 mm. are most 
frequent and never absent. The form of the smaller is more or less globular ; 
the larger are fiattened. 


* Cited by Woodward, “ On the Similarity between the Ked Blood-corpuscles of Man and 
those of certain other Animals, especiallj’’ the Dog: considered in connection with the diagno- 
sis of Blood-stains in criminal cases.” American Journal of Medical Sciences, Jan., 1875. 
Monthly Microscopical Journal, Deb. 1, 1875, p. 59. 

t “ Eiu heitzbarer Objecttisch und seine Verwendung bei UJitersuchungeu des Blutes.” 
Arcliiv fiir Mikroskoinsclie Anatomie, vol. i. (1865), p. 35. 

t“TIeber die Kerne nud Scheiukerue der rotlien Blutkorperchen der Saugethiere.” 
Virchow’s Arehiv fiir pathologische Anatomie nud Physiologic und fiir Klinische Medicin : 
vol. xxxviii. (1867), p. 195. 

'i “ The Application of Photography to Micrometry, with special reference to the jnicro- 
metry of blood in criminal cases.” Transactions of the American Medical Association, vol. 
xxvii. (1876), p. 303-315. 

II “Note sur les globules du sang chez le foetus.” Bordeaux Medical., p. 123 and 237; 
C'anstadt’s Jahresbericht for 1875, I.,p. 46. 

IT “ Sur les variations du diametre des globules rouges du .sang dansl’esp6ce humaine, an 
point de vue de I’espertise ICgale.” Compt. llendus, tom. 84 (1877), No. 24, p. 1404. 
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According to Hayem,* * * * the red blood-corpuscles in the newly born are 
much less uniform in size than in adults ; corpuscles larger than the largest 
and smaller than the smallest adult corpuscles occur comparatively often. 
The size varies between .00325 and .01025 mm. Hayem also calls atten- 
tion t to the still smaller ones — measuring only .002 mm . — which he considers 
young and growing blood-corpuscles, so-called hsematoblasts. He asserted 
having observed all transition sizes between these and the largest. He found 
hsematoblasts increased whenever, under physiological or pathological condi- 
tions, a reparation of blood occurs — e. g., he found them more abundant in 
children than in adults, and more abundant during menstruation, and after 
losses of blood, also during reconvalescenee after acute diseases.t 

Netsvetzki reported § having found minute corpuscles moving in all direc- 
tions, as constant constituents of normal human blood. [Although my obser- 
vations as to the diversity of size of colored blood-corpuscles refer to healthy 
blood, I will not omit to mention here that Vanlair and Masius having, in the 
blood of a patient who had symptoms of interstitial hepatitis, found a number 
of small globular corpuscles, gave them the name of microcytes, and called the 
patient/s disease ‘‘microcytlisemia,” which they considered to be a peculiar 
alteration of the blood. H Cases of so-called microcythemia have since been 
reported by Litten, in a tuberculous individual ; IT by Osier in pernicious 
anaemia ** * * §§ ; and by Lepine and Germont in cases of cancer of the stomach. tt 
Soernsen distinguished in disease between oligocythemia, in which the num- 
ber of red blood-corpuscles is diminished, achroioeythemia, in which their 
richness in coloring matter is diminished, and microcythemia, in which their 
size is diminished. In a case of chlorosis observed by him, the average size 
of the colored corpuscles was found to be only .0045, instead of the normal 
.006 to .0075 mm.H 

Hicks §§ found in the fluid from an ovarian cyst small, transparent, color- 
less, globulav bodies, which had been detached from red blood-corpuscles, and 
which were of a diameter of about the nroiJ'D' of an inch. 

Laptschinsky reported 1||1 flnding very small corpuscles, only one-third as 


* “ De.s caract6res anatomiciues du sang cliez lo iiouveau-ne pendant les premiers jonrs de 
la vie.” Coinpt. Rendus, tom. 84 (1877), p. 1166. 

t ” Snr la nature et la signification des petlls globules rouges du sang.” Ibid., 17o. 22, 
p. 1239. 

t “ Note snr I’evohition des globules rouges dans le sang des vertdbres ovipares.” Compt. 
Rendus, tom. 85, No. 20, p. 907-909. “ Sur revolution des globules rouges dans le sang des 
animaux superieurs” (verteb. ovipares). Ibid., No. 27, p. 1285. 

^ “ Zur Histologie des Meuschenblutes. Kleine sicli nach alien Riebtungen bin bewe- 
gende Korpcrcbeu als constante Bestandtbeile des normalen Menscbenblutes.” Centralzeit- 
ung fiir die Mediciniseben Wissenacbai'ten, 1873, No. 10. 

II “ De la Miorocytbemie, Bruxelles, 1871 ; 101 pp. 

•“ Aus der Klinik des Herrn Geb. Ratb. Prof. Freriebs, “ Ueber einige Veranderungen 
rotber Blutkorpercben.” Berliner Klinisebe Woebensebrift; 1877, No. 1. 

** “ Ueber die Entwiekelung von Blutkorpercben in Knoebenmark bei pernicioser Ame- 
mie.” Centralblatt fiir die mediciniseben Wissensebaf ten ; 1877, No. 28; 1878, No. 26. 

it Note sur la luesence temporaire dans le sang bumaiu d’un grand nombre de globules 
rouges tres petits (microcytes).” Gazette Medicale do Paris ; 1877, No. 18, pp. 218 and 219 ; 
and “ Note relative a I’influence des saignees sur I’apparition dans le sang bumaiu des jietits 
globules rouges (microcytes).” Id., No. 24, p. 296. 

it “ Uudersogelser om Antallet af rode og boide Blodlegenter under forskjellige pbysio- 
logiske og patbologiske Tilstande.” Inaugural Dissertation, Kopenbageu; 1876, 236 pp. 

§§ “ Observations on Pathological Changes in the Red Corpuscle.” Quarterly Journal 
of Microscopical Science, vol. xii. (1872), p. 114. 

III! “ Zur Patbologie des Blutes.” Centralblatt f. d. nied. Wiss., 1874, No. 42, p. 658. 
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large as the normal ones, in conditions of the body accompanied with high 
fever, especially in infectious diseases. 

Hayem has come to the conclusion * * * § that in anasmia the blood-corpuscles 
are in general smaller than in normal conditions ; but that the extremes 
which are met with are greater, viz. : .0022 and .010 to .014 mm. 

Piper found in a ease of “ulcerated scrotum and inflamed testicle, with 
apparently tuberculous deposit in the gland,” on one and the same slide, 
specimens which measured of an inch ; while on other parts of the same 
slide alike extensive fields of corpuscles which measured only a fraction less 
than the classic of an inch.t 

Ponfick,t Osier, § and Obermeier |1 have reported other abnormities.] 

According to Richardson, H the variations above and below the standard 
size of corpuscles from any particular animal are comparatively slight in fresh 
blood, as proved by the following experiments, made with his jb- inch 
objective, which gives with the micrometer eye-piece an amplification of 
3700 diameters. When thus magnified, the human red blood-disks appeared 
about an inch and one-eighth in diameter, so that even slight differences in 
their size could be accurately measured. Among one hundred red corpuscles 
freshly drawn from five different persons, the maximum and minimum diam- 
eters in parts of an inch were as follows : 


Twenty from a white male aged 30, 

maximum 

1-3231, 

miliimum 

1-3500 

ii u a u u 

38, 

u 

1-3281, 


1-3529 

“ “ “ female “ 

44, 

u 

1-3249, 

u 

1-3500 

“ “ an African “ “ 

50, 

u 

1-3182, 

u 

1-3559 

“ “ a white male “ 

H, 

u 

1-3231, 

u 

1-3500 


Moreover, the smallest red disks of man, as usually met with in mechani- 
cally unaltered blood, whether dry or moist, are, according to him, larger than 
the largest corpuscles of an ox, and a fortiori of a sheep. 

More recently,** he measured corpuscles of individuals of fourteen different 
nations, one hundred of each. Of the 1400 corpuscles measured, the average 
was (.007878 mm.), the maximum Y’hi'j minimum 4 ,/ijxr of an 

inch ; 1158, or 83 per cent., measured between and ^oW of an inch in 
diameter, and consequently under a power of two hundred would appear 
about the same magnitude ; the total number of corpuscles of minimum 
measure was only six, or less than one-half of one per cent. ; and the total 
number which measured the maximum was ten, or less than one per cent. 


* “ Des Caracteres Anatomiciues dii Saug dans les Aiieinies.” Comptcs Rendns, tome 83 
(1876), pp. 82, 85, p. 152, p. 230. 

t “ Contraction of Blood-corpuscles tlirongli the action of Cold.” Kew York Medical 
Journal, March, 1877, p. 246. 

i “ CJeher das Vorkommen ahnormer Zellen iin Blnte von Becurrenskranken.” Central- 
hlatt f. d. med. Wi.ss., 1874, No. 25. 

§ “An Account of Certain Organisms occurring in the Liquor Sanguinis.” Monthly 
MicroscopicalJournal, Septemher, 1874, p. 141. 

II “Vorkommen foinster, eine Eigenhewegung zeigender Filden ira Blut von Recur- 
renskranken.” Centralblatt fur die med. Wiss., 1873, No. 10. Confirmed hy Laptschinsky. 
Id., 1875, No. 9, p. 84. 

“ On the Value of High Powers in the Diagnosis of Blood-stains.” American Journal of 
the Medical Sciences, Juljq 1874; and london Monthly Microscopical Journal, Septemher, 
1874, p. 135. 

** “On the Identity of the Red Blood-corpuscles in Different Racc.s of Mankind.” 
American Journal of the Medical Sciences, January, 1877, p. 112. 
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All this is very remarkable, unless he measured mainly the majority, 
or average-sized corpuscles. He made some selection, for he tells us : 
“ Instead of measuring all corpuscles, deformed or otherwise, in two direc- 
tions, as proposed by Dr. Woodward (PJiila. Medical Times, vol. vi., p. 457), 
I prefer to determine the size of unaltered, i. e. circular, corpuscles oyily ” ; 
further, I cautiously avoided recording those which manifested even slight 
departures toward an oval form,” but, on the other hand, ‘‘to secure the most 
infallible accuracy for my deductions, as the preparation was moved along, I 
measured every isolated circular red dish which came into the field of the 
microscope.” 

In the year 1761, Padre Jo. Maria de Torre, of Naples, made a present to 
the Royal Society of London of four spherical glasses for the microscope, 
made by himself, of which the diameters and magnifying powers were said to 
be as follows : 

Diameter. 

1. Near 2 Paris points. 

2. 1 Paris point. 

3. 1 “ “ 

4. Half a Paris point. 

(t 4 4 of inch.) 

Sir Francis Haskins Eyles Stiles, at the time in Naples, through whom the 
presentation was made, wrote several letters, in which he communicated 
Father de Torre’s direction for the use of the glasses, as well as an account of 
some observations on the human blood, made by him, together with Torre, 
during July and August, 1761, and read before the Society during 
November, 1765. They saw in the blood-globules the central depression, 
which had not theretofore been observed, and which carried with it so 
strongly the appearance of a perforation that they concluded the corpuscles 
to be rings. They also thought the rings to be articulated (“ the transverse 
lines at the joints being very distinguishable”).* As to their shape, “the 
figure of the rings, where they were free and in their natural state, was 
circular; but where they were so crowded together as to compress one 
another in their passage, they assumed a variety of different figures, 
although they generally restored themselves to a circular figure again, 
unless broken by the compression, which frequently happened, and then 
the broken parts fioated separately ; or, if they opened at a single joint only, 
the whole of the ring would float along, varying its figure occasionally from 
that of a portion of a circle, which it would first assume, to a straight line, an 
undulated one, or some other accidental incurvature.” t 

Hewsont declared the so-called globules in the blood of man and all ani- 
mals to be disks — “in reality, flat bodies,” “as flat as a guinea.” The dark 
spot in the middle, which Father de Torre had taken for a hole, he found 
“ was not a perforation, and therefore that they were not annular.” He denied 
that they were jointed, and inferred “ they are not fluid, as they are commonly 

* “ An Account of some Microscopic Observations on the Human Blood.” Pliilosopliical 
Transactions, vol. Iv. (1766), p. 254. 

^ Ibid., p. 256. 

t “ On the Figure and Composition of the Bed Particles of the Blood, commonly called the 
Red Globules.” Pliilosopliical Transactions, vol. Ixiii., Part ii. (1778), pp. 303-323. 


Magnifying Power. 

640 times, and upward, in diameter. 
1,280 “ , “ “ 
1,280 “ “ ■ “ 

2,560 “ “ “ 
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believed to be ; but, on the contrary, are solid ; because every fluid swimming 
in another, which is in larger quantity, if it be not soluble in that fluid, 
becomes globular.” He also observed changes of shape ; for, speaking of the 
blood-corpuscles of a lobster, he said: “But there is a curious change pro- 
duced in their shape by being exposed to the air; for, soon after they are 
received on the glass, they are corrugated, or from a flat shape are changed 
into irregular spheres, as is represented in Plate XII., No. 12”;* * * § and on 
turning to the plate we find represented “angular,” “rosette,” and “stel- 
lated” forms. He was the first who likened the appearance of corpuscles, 
with their external surface corrugated, to that of small mulberries, t 

It would be impossible for me, as well as useless, to give a list of all those 
who have described changes of form in red blood-corpuscles since Hewson’s 
time. Different shapes — and some of them far more curious and irregular 
than those I have described — have been observed, under many physiological 
and pathological conditions, as well as on subjecting the blood to the action 
of various chemical and physical agencies. Text-books and monographs 
give sufficient information on this point, especially the article on the blood by 
Alexander Eollet, in Strieker’s “Handbuch der Lehre von den Geweben des 
Menschen und der Thiere,” which has been translated by Henry Power and 
published by the London New Sydenham Society, and which has been repub- 
lished in this country, t 

Since that article was written the following observations have been made : 

Langhans,§ in experiments on rabbits, saw, in extravasated blood, red 
c'orpuscles with numerous fine projections, and in pigeons’ red blood-cor- 
puscles, also, observed morphological changes. 

Lieberkuhn H described remarkable form-changes in the red corpuscles of 
the blood of salamanders and of pikes. 

Wedl H observed changes of shape in human and frogs’ red blood-corpuscles 
on adding a drop of concentrated aqueous solution of pyrogallic acid to a drop 
of fresh blood. 

Eay Lankester ** found in his own healthy blood, in addition to the ordi- 
nary biconcave forms, “thorn-apple” and “single and double watch-glass” 
forms. In the two latter there is, when the corpuscle is seen on edge, instead 
of a concavity, a convexity on either one or both sides. He also described 
and figured varieties of shape in both human and frogs’ colored blood- 
corpuscles subjected to the action of various re-agents. Of these I shall cite, 
later on, the effects of very dilute ammonia gas and acetic acid vapor. 

Braxton Hicks tt observed colored blood-corpuscles of various shapes in 
fluid from an ovarian cyst, and in blood in other pathological conditions. 

* JMcl., I). 321. Opvis postliuTniim, i>p. 19, 20; Collecteil Works, eiUted Oy Gulliver, cii., 
p. 234. 

t Ibid., p. 313, etc. 

t “ A Manual of Histolojry.” By Prof. S. Strieker. Anierican translation edited Ijy Albert 
H. Buck. New York : Win. Wood & Co., 1872. 

§ “ Beobaclitungen iibor Besorption der Extravasate und Pignientbildung in denselben.” 
Virchow’s Archiv, vol. xlix. (1870), pp. 66-116. 

II “ TJeber Bewegungsersclieinungen der Zellen.” .Schriften der Gesollscbaft zur Beforde- 
rung der gesamniten Naturwissenschaften zu Marburg, vol. ix. (1870), p. 336. 

IT “ Histologisclie Mittbellungen : Ueber^die Einwirkung der Pyrogallussiiure auf die 
rotlien Blutkdrperclien.” Sitzungsbericlite der Wiener Akadeniie der Wissenscliaften, vol. 
Ixiv. (1871), 1 Div., p. 406. 

**“ Observations and Experiments on the Bed Blood-corpuscle, chiefly with regard to 
the Action of Gases and Vapours.” Quarterly Journal of Microscopical Science, October, 
1871, p. 361-387. 

ft Observations cit. Quarterly Journal of Microscopical Science, vol. xii. (1872), p. 114. 
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Huels * described frogs’ red blood-corpuscles acted on by carbolic acid. 

Faber t observed, in the urine of a patient with Bright’s disease, colored 
blood-corpuscles of a great variety of diiferent shapes, some of which showed 
him phenomena of contractility and amoeboid movement, ^‘very similar” to 
those of colorless blood-corpuscles. 

Hiiter t reported seeing in the capillaries of the frog lung a few red blood- 
corpuscles adhere to the sides by means of a drawn-out pedicle, with half the 
body on each side, having a saddle-bag-like shape {“ swergsacMImlicli”). 

Laptsehinsky described and figured § the effects of various re-agents, 
among them aniline blue, magenta, and tannin, on the red blood-corpuscles 
of triton and man. He confirmed and enlarged the older observations of 
Roberts.il Laptsehinsky IT also described some variations of shape which he 
met with on examining human blood in different diseases. 

Arnold, ** in the course of his observations on diapedesis of colored blood- 
corpuscles after ligating the median vein of the frog’s tongue, saw that in the 
various phases of transit these corpuscles assumed various shapes, sometimes 
pear-shaped, with slender stem, sometimes eaudated, oval, etc. Similar 
shapes have under similar, circumstances been described by others. 

Hiller tt refuted the supposition of Hiiter (II. Deutscher Chirurgen Congress, 
April 18, 1873), that the stellate and thorn-apple forms of red blood-corpus- 
cles are due to immigration of monads into the substance of the corpuscles. 
He found such forms in blood during febrile and non-f ebrile diseases ; they 
were absent in some cases in which large quantities of monads had been in- 
jected into the blood of animals ; and he observed in many cases their develop- 
ment directly under the microscope. 

Rommelaere tt observed in various diseases changes of shape of the red 
blood-corpuscles. 

Landois§§ saw corpuscles assume, before their dissolution, a spherical 
form with exceedingly fine points. 

Ebert, III! B6tteher,inr Fuchs,*** and Schmidt t+t have reported variations of 
the ordinary shape. The latter has also called attention to the fact that human 
red blood-corpuscles, seen in exact profile and closely examined, are repre- 

*“Wirkung der Carkolsaure auf rotlie FrosclilDlutkoiperclieii.” luaug. Dissertation, 
Greifswaide, 1872, 43 i)p. 

t “ XJeUer die rothen Blutkdrperclien.” Archiv der Heilkunde, 1873, xiv., p. 481-611. 

t “ Deber den Ki-eisiauf und die Krei.slaut'storuugen in der Proscbliinge.” Centrall)latt 
fiir die Medicinisclien Wissenscliatten, 1873, No. 6, p. 82. 

§ “ Ueber das Verlialten der rothen Blutkorperohen zu oinigen Tinctionsmitteln nnd znr 
Gerbsiire.” Sitzungsberichte der Wiener Akadeniie, vol. ixviii. (1873), Div. ill., ii. 148. 

II “ On peculiar appearances exhibited by blood-corpuscles under the influence ot solution 
ot magenta and tannin.” Quarterly Journal of Microscopical Science, 1863, x). 170. 

If “ Zur Pathologie des Blutes.” Centralblatt liir die Medicinisclien Wissenschaften, 1874, 
No. 42, i)p. 660 and 661. 

** “ XJeber Diaiiedesis.” Virchow’s Archiv, vol. Iviii. (1873), i>i). 203-2,54. 

tt “ Deber die Veranderungen der rothen Blutkdrxierchen nobst Bemerkungen iiber 
Mlcrocyten.” Centralblatt f. d. Med. Wiss., 1874, Nos. 21, 25. 

tt “ De la detorination des Globules rouges du Sang.” Bruxelles, 1874, 47 pii. 

“ Auflosung der rothen Blutzellen.” Centralblatt f. d. Med. Wiss., 1874, No. 27, i). 419. 

111! “ IJeber Form veranderungen der rothen Blutkorperchen.” Greit'swald, 1876. 

1J1[ “ Deber einige Veranderungen welche die rothen Blutkoriierchen in Extravasaten 
erleideii.” Virchow’s Archiv, vol. 69 (1876), ii. 295-307. Also in other articles which I unote 
in this review. 

*** “Beitragzur Kenntniss des Froschblutes und der Froschlymiihe.’ Virchow’s Archiv, 
vol. 71 (1877), lip. 78-107. 

ttt “ Ttie Structure ot the Colored Biood-coriniscles of Amphiuma tridactylum, the 
Frog, and Man.” Journal of the Microscop ic Society of London, May and July, 1878, pp. 66, 
68, 110, etc. 
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sented by two straight and parallel lines, connected at their extremities by 
two semicircular ones, and not showing merely their central concavity, as 
usually represented. 


The question whether or not colored blood-corpuscles possess an investing 
membrane has been much discussed, Hewson, who, as I have already stated, 
showed that these corpuscles are not perforated, contended that the dark spot 
in the middle, believed by Torre to be a perforation, “ is a solid particle con- 
tained in a flat vesicle, whose middle only it fills, and whose edges are hollow, 
and either empty or filled with a subtile fluid.” * He detailed the following 
experiments : “ Take a drop of the blood of an ajiimal that has large particles, 
as a frog, a fish, or, what is still better, of a toad ; put this blood on a thin 
piece of glass, as used in the former experiment, and add to it some water — 
first one drop, then a second, and a third, and so on, gradually increasing the 
quantity; and in proportion as water is added, the figure of the particle 
will be changed from a flat to a spherical shape ; ... it will roll 

down the glass stage smoothly, without those phases which it had when 
turning over when it was fiat ; and, as it now rolls in its spherical shape, the 
solid middle particle can be distinctly seen to fall from side to side in the 
hollow vesicle, like a pea in a bladder.” He added; “From the greater 
thickness of the vesicles in the human subject, and from their being less 
transparent when made spherical by the addition of water, and likewise from 
their being so much smaller than those of fish or frogs, it is more difficult to 
get a sight of the middle particles rolling from side to side in the vesicle, 
which has become round ; but with a strong light (these experiments were all 
made with daylight, in clear w'eather) and a deep magnifier, I have distinctly 
seen it in the human subject, as well as in the frog, toad, or skate.” Another 
experiment he describes thus : “ If a saturated solution of any of the common 
neutral salts be mixed with fresh blood, and the globules (as they have been 
called, but which for the future I shall call flat vesicles) be then examined in 
a microscope, the salt will then be found to have contracted or shriveled the 
vesicles, so that they appear quite solid, the vesicular substance being closely 
applied all around the central piece.” Furthermore, “the fixed vegetable 
alkali and the volatile alkali were tried in a pretty strong solution, and found 
to corrugate the vesicles.” 

The vesicular nature of colored blood-corpuscles, thus announced more 
than sixty years before the publications of Schleiden and Schwann, so per- 
fectly fits into their cell-schema that many suppose that they have originated 
this view of the constitution of the corpuscles. But in point of fact they have 
in this respect followed Hewson. According to Schwann,! the red blood- 
corpuscle is a cell, and consists, like every other cell of the body, of a 
membraneous envelope, a nucleus, and liquid contents; the credit of the 
■observation of the “rolling around” of the nucleus is given by Schwann to C. 


* “ On tlie Figure and Composition of tlie Red Particles of the Blood, commonly called 
the Red Globules.” Philosophical Transactions, vol. 63, Partll., p. 310 et seq. (read June 
17 and 20, 1773). “ A Deseriiition of the Red Particles of the Blood in the Human 
Subject and in other Animals, being the remaining part of the Observations and Experi- 
ments of the late Wm. Hewson.” By Magnus Falconer. London, 1777, p. 221 et seq. 

t “ Mikroskopische Untersuchungeii iiber die Uebereinstimmung in Structur uud Wachs- 
thum dor thierischen und pilanzlichen Organismen.” Berlin, 1839, pp. 74, 75. 
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H. Schultz, who, however, has only repeated and confirmed * * * § the experiments 
of Hewson. 

Although not accepted without some opposition, it was not until the year 
1861 that the existence of a cell-wall was positively denied. Beale declared : t 
I have never succeeded in seeing the cell-wall said to exist, neither have I 
been able to confirm the oft-repeated assertions with regard to the passage of 
liquid into the interior of the corpuscle by endosmose, its bursting, and the 
escape of its contents through the ruptured cell-wall. When placed in some 
liquids, many of the corpuscles swell up and disappear ; but I have never seen 
the ruptured cell-walls.” He also published observations which he considered 
“ fatal to the hypothesis that each corpuscle is composed of a closed membrane 
with fiuid contents.” t Brfieke expressed the opinion that the rolling around 
of the nucleus is illusory, that other phenomena do not conclusively prove the 
presence of a membrane, and that “ the unanimity with which the vesicular 
nature of blood-corpuscles had for a long time been taught was owing more 
to the silence of the opponents than to the force of the arguments of the 
believers.” § Vintsehgau|| and Roll ett If also argued against the existence of 
an investing membrane ; and the opinion seemed doomed. 

But before the end of the year in which Beale and Brucke contested the 
existence of an investing membrane, Hensen defended it. ** He reports 
having observed in the blood of frogs, both in fresh preparations — i. e., in red 
corpuscles examined without the addition of any re-agent — and in corpuscles 
placed in various mixtures, especially a solution of sugar, that sometimes the 
membrane, as a distinct outer contour, is lifted up from the interior contents 
at one or more points of the circumference, these interior contents being 
retracted more or less densely upon the nucleus. A few years later, tt Hensen 
reiterated his conviction as to the presence of a membrane ; it is certain, 
therefore, that Lankester tt has misapprehended his meaning. Kcilliker, who 
had previously asserted that the red blood-corpuscle possesses ^‘a very 
delicate but nevertheless tolerably firm and at the same time elastic colorless 
cell-membrane, composed of a protein substance closely allied to fibrin,” §§ 
continued to uphold their vesicular constitution. {||| Preyer reported that the 

* “ Das System der Circulation.” Stuttgart and Tubingen, 1836, p. 19, et seq. 

t “ Lectures on the Structure and Growth ot the Tissues of the Human Body. Delivered at 
the Royal College of Phj'.sioians. Lecture III., April 22, 1861.” Archives of Medicine, vol. ii., 
No. 8 (May, 1861), p. 236. Republished in Quarterly Journal of Microscopical Science, 
vol. i., N. S. (April-May, 1861), p. 240. 

t “ Observations upon the Nature of the Red Blood-corpuscle.” Transactions of the Micro- 
scopical Society, vol. xii., N. S., p. 37. Quarterly Journal of Microscopical Science, Jan., 1864. 

§ “ Die Hlementarorganismen.” Sitzungsberichte der Wiener Akademie, vol. xliv., Dw. n., 
p. 389 (read Oct. 17, 1861). 

II “ Sopra i Corpuscnli Sanguigni della Bana.” Atti del Institute Veneto, vol. viii., Ser. in. 

TJ “ Versuche und Beobachtungen am Blute.” Sitzungsberichte der Wiener Akademie, 
vol. xlvi. (1862), p. 65. 

** “ Untersuchungen zur Physiologie der Blutkorperchen sowie iiber die Zellennatur 
derselben.” Zeitschrift fiir wissenscliaftliche Zoologie, vol. xi.. Heft 3 (Ausgegeben Dec. 
23, 1861), pp. 253-278. 

tt In a foot-note of an article entitled “Ueber das Auge einiger Cephalopoden.” Ibid., 
vol. XV., Heft 2 (April 1, 1865), p. 170. 

tt Lankester, in his article on the red blood-corpuscle, in the Quarterly Journal of 
Microscopical Science, October, 1871, already cited, says, p. 366, that Hensen “ distinguishes 
a layer of fluid protoplasm surrounding the coloring matter, by cadaveric alteration of which 
he believes the supposed membrane of the corpuscle to be formed.” 

Manual ot Human Histology.” Translated and edited by George Bnsk and Thomas 
Huxley, London, Sydenham Society, 1854, vol. ii., p. 326. 

III! Handbuch der Gewebelehre, 1863, p. 627. 
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early observation of the rolling nucleus (erroneously ascribed by him, after 
Schwann, to Schultz instead of to Hewson) agreed with what he himself had 
seen, and, at least so far as red corpuscles of the blood of salamanders are 
concerned, positively declared a membrane normally to exist.* As proof of 
the existence of a membrane, and of its taking no part in the formation of 
blood-crystals, Bryanowski refers to his success in demonstrating it by means 
of distilled water, t Owsjannikow says : “ To prove with certainty the exist- 
ence of the membrane is no easy task. Preparations occur which seem to be 
convincing that there is no membrane ; but other preparations show it with- 
out the addition of any re-agent. The interior contents retract away from it, 
so that between it and the yellowish colored contents an empty space remains. 
Still more distinctly than in pure blood is the membrane seen on the addition 
of a weak solution of sugar, either without or with admixture of a little 
alcohol. Then it appears in many, or perhaps in most, of the blood-corpuscles.” 
Furthermore, he describes interior crystallization in which he has seen the 
membrane pushed out lengthwise by a crystal, and other eases in which 
the membrane becomes very distinctly visible as it passes from nucleus to 
crystal.” With high magnifying power, he says, human red blood-corpuscles 
not seldom show a very delicate membrane ; and one of his conclusions is : 
“In the blood-corpuscles of most animals an independent membrane can be 
proved to exist, which behaves toward serum, water, etc., differently from the 
cell-contents, and which occasionally possesses considerable firmness. ” t 
Kichardson argued § in favor of the same view, mainly on account of experi- 
ments upon the gigantic blood-disks of the menobranchus, in which “ crystals 
of hsemato-crystallin were seen to prop out a visible membraneous capsule.” 
More recently, Richardson exhibited before the members of the Section on 
Biology of the International Medical Congress of Philadelphia, a slide with a 
colored blood-corpuscle of the amphiuma tridactylum, of which it is reported 
that “ the imperfectly crystallized cell-contents occupy the upper end, while 
the oval granular nucleus fills the inferior extremity, leaving the membraneous 
capsule relaxed and wrinkled longitudinally, hanging like part of a half-flaccid 
balloon between them.” 1| Arloing, as the result of his observations, IT ascribed 
a membrane to red blood-corpuscles. Kollmann, after expressly declaring 
that when he uses the word membrane in relation to red blood-corpuscles, he 
means to speak of what maybe called an “artefact,” i. e., “that apparent 
membrane which is made visible by the action of reagents,”** discusses the 
arguments pro and con, and concludes that “the adherents of a membrane 
have for their opinions at least as many reasons as the opponents.” tt He 
liimself believes in “ the existence of a membrane in the fresh condition. 


* “ UeUer amoiboide Bhitkorpercluiii.” Virchow’s Arcliiv, vol. xxx. (1864), i). 437. 
t “Beohachtungeii iiher die Blutkrystallo.” Zeitschrit't I'iir wissenschaftliche Zoologie, 
vol. xii., Helt 3 (November 17, 1862), i>. 317. 

4“Zur Histologic der Blutkdrijercbeu.” Bulletin de I’Acadeiuie ties Sciences de St. 
Petersbourg, t. viii. (1865), pp. 564, 568-570. 

? “ On the Cellular Structui’e of the Red Blood-corpuscle.” Transactions of the American 
Medical Association for 1870, pp. 259-271. 

II Transactions of the International Medical Congress of Pliiladelithia, held in 1876. 
Philadelpliia, 1877, p. 488. 

^ “ Reclierches sur la nature du Globule Sanguin.” Compt. Rendus, t. Ixxiv. (1872), 
No. 19, pp. 1256-1259. 

** “ Ban der rothen Blutkoritei'Chen.” Ze’itschrift fiir wis.senschaftliche Zoologie, vol. xxiii.. 
Heft 3 (November 18, 1873), p. 467. 
tt IMd., p. 482. 
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which can he made visible by the action of re-agents by depriving the cor- 
puscle of coloring matter, and which, when it does not become visible, has 
been destroyed by the re-agent. ” * According to Bottcher, the outer layer of 
the same blood-corpuscle is not the same at all times and rmder all circum- 
stances. He seems to regard the appearance of a distinct membrane as an 
artificial production; but considers “the cortical layer as the result of a 
process of development which deprives the blood-cells more and more of 
their protoplasm, and finally converts them into homogeneous bodies.” He, 
therefore, classes it “with the capsule of cartilage cells, and with the cellu- 
lose membrane of vegetable cells.” t Fuchs observed a membrane of a 
certain power of resistance in frogs’ red blood-corpuscles after keeping them 
a few days on the slide without addition of any re-agent, which membrane was 
particularly obvious when the nucleus made its exit out of the corpuscular 
mass, t According to A. Bechamp, $ and J. Bechamp and Baltus, || the red 
blood-corpuscles of mammals, birds, and amphibia possess a distinct mem- 
brane, which can be thickened by adding a solution of starch to the blood, 
and then becomes more resistant to the action of water. 

It has even been supposed that blood-corpuscles had more than a single 
membrane ; thus Eoberts said H his observations had led him ‘ ‘ to the belief 
that the envelope of the vertebrate blood-disk is a duplicate membrane ; in 
other words, that within the outer covering there exists an interior vesicle 
which incloses the colored contents, and in the ovipara, the nucleus.” 
Bottcher has refuted this notion, ** and it is characterized by Wedl, too, as 
incorrect ; according to Wedl, when the cortical layer becomes swelled and 
condensed, the double contour which is seen indicates its thickness — but he 
is “quite certain that whether it be called membrane or not, it is not simply 
an artificial product.” tt Lankester, in his conclusions regarding the verte- 
brate red blood-corpuscle, says : “Its surface is differentiated somewhat 
fi'om the underlying material, and forms a pellicle or membrane of great 
tenuity, not distinguishable with the highest powers (whilst the corpuscle is 
normal and living), and having no pronounced inner limitation.” Ranvier 
thinks that the double contour — the effect of dilute alcohol — “proves the 
existence, if not of a membrane, at least of a differentiated cortical layer. ” 

Schmidt |||| calls attention to the double contour as being “the only proof 

* 1 bid., p. 480. 

t Compare “Neue IJutersuolinugen iiber die rotlien Blutkorperciien.” Memoires do 
I’Academie Irai)eriale des Sciences de St. Petersliourg, vii. Serie, t. xxii. (187G), No. 11, 
p. 8; and tlie “ Unter-suclmugen ” in Vircliow’s Arcliiv, vol. xxxvi. (I860), pp. 357, 383, 
387-9, and 404, with Arcliiv I'iir Mikroskopischo Anatoniie, vol. xiv. (1877), p. 93, or 
“ On the Minute Structural Relations of the Red Blood-coi pu.scles ” (translated from the 
lireceding in). Quarterly Journal of Microscopical Science, October, 1877, p. 392. 

t “ Beitrag /.ur Kenntniss des ITroschblutes,” etc., 1. c., p. 91. 

? “ Becherche,s sur la Constitution Physique du Globule Sanguin.” Conipt. Rendus, 
t. Ixxxv. (1878), No. 16, pp. 712-715. 

II “ Sur la structure du Globule Sanguin, et la resistance de son envelloppe h I’action de 
I’eau.” Ibid., No. 17, p. 761. 

TTi. c. 

** Op. cit. Virchow’s Arcliiv, vol. xxxvi. (1866), pp. 392-395. 

tt L. c., p. 408. 

tt Jj. c., p. 386. 

§? “De I’Einploi d’Alcool Dilu6 en Ilistologie.” Arcliiv de Physique, 1874, pp. 790-793. 
And again, “ Recherches sur les Elements du Sang.” Id., 2 Serie, vol. ii. (1875),, pp. 1-15. 

till “The Structure of the Colored Blood-corpuscles of Amphiuiua tridact 5 'lum, the Frog, 
and Man.” .Journal of the Roj'al Microscopical Society; coutainin,g its Transactions and 
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of the presence of a membrane, whether preexistent or artificially produced.” 
In fresh blood of amphinma he has observed colored blood-eorpnscles with a 
greenish border, indicating ‘ ‘ the existence of a thin layer at the surface, dif- 
fering, if not in chemical composition at least in density, from the substance 
of the disks.” He has frequently met with “specimens of blood-corpuscles, 
on which, by a contraction of the protoplasm representing the greater portion 
of the whole body, the pellicle in question appears separated from the latter.” 
Once he saw a fragment of a corpuscle on which “ the membraneous layer was 
seen projecting on the torn surface ” ; and at another time he found “ a fresh 
blood-corpuscle of the amphiuma on which the membraneous layer had appar- 
ently burst and retracted, leaving a portion of the xmderlying material, the 
protoplasm, exposed.” He says : ‘ ' The changes taking place in these blood- 
corpuscles, when treated with the solution of the hydrate of chloral, are very 
interesting and important; as they manifestly show the existence of the mem- 
braneous layer of these bodies, such as I have described it. Tims, after the 
solution has been applied, the protoplasm of the blood-corpuscle, without 
much or any alteration of form, gradually contracts upon the nucleus. As the 
result of this contraction, it becomes entirely separated from the membraneous 
layer, which manifests itself in the form of a delicate double contour. The inter- 
space left between the contracted protoplasm and the double contour repre- 
senting the membraneous layer is very considerable, as will be seen fr-om the 
di'awings, and, it seems to me, should be sufficient evidence to prove the 
existence of such a layer to an unbiased mind.” In the colored blood- 
corpuscles of the frog, he has also seen a distinct stratum, or membraneous 
layer. 

“ The colored blood-corpuscles of man show a double contour under vari- 
ous circumstances and conditions, indicating the existence, if not of an 
enveloping membrane, at least of a membraneous layer on its surface.” As 
one proof, Schmidt recommends the experiment of pressing down, by means 
of the point of a forceps, a small round covering-glass upon a very small drop 
of fresh human blood placed upon the slide, “ with the object of compressing 
or crushing the blood-corpuscles as far as possible.” “ Carefully examined 
with a first-class objective of sufficient amplification, it will be found that they 
have not run into each other ; but that, on the contrary, the outlines of 
almost every individual may be discerned, however distorted they may be.” 

Almost all investigators nowadays agree that the colored blood-corpuscles of 
birds, reptiles, amphibia and fishes have a nucleus ; while in those of man and 
other mammalia, except in developmental forms, a nucleus does not occur. 
On this difference, Gulliver has founded his division of all vertebrate animals 
into pyrengemata and apyrengemata.* But the existence of a nucleus in 
living corpuscles of oviparous vertebrata has been denied on the one hand ; 
while, on the other, the opinion has been advanced that the mammalian red 
corpuscles, ,as well as those of other vertebrata, are in reality nucleated. 

Proceediugs, witli other Mici’oscopical lutelligeiice. Loudon, vol. i., No. 2 (May, 1878), pp. 
57-78 ; No. 3 (July, 1878), pp. 67-120. 

* “Lectures ou the Blood of Vertebrata,”!. c. ; in Journal of Anatomy and Physiology, 
vol. ii. ; Proceeding.s of the Zoological Society of February 26, 1862 ; aud Hunterian Oration, 
1863, referred to in “ Observations on the sizes and shapes of the red corpuscles of the blood 
of vertebrates, with drawings of tliem to a uniform scale, and extended and revised tables of 
measurement.” Proceedings of the Zoological Society of London, for the year 1875, Part ill., 
p. 479. 
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Not to cite older authors, I will mention that Funke* asserts that the 
nucleus of nucleated blood-corpuscles does not exist during life, but is a prod- 
uct of decomposition after death. Likewise Savory, in a paper t read before 
the London Eoyal Society, urged that “when living, no distinction of parts 
can be recognized ; and the existence of a nucleus in the red corpuscles of 
ovipara is due to changes after death, or removal from the vessels ” ; and 
furthermore, “the shadowy substance seen in many of the smaller oviparous 
cells, after they have been mounted for some time, is very like that seen under 
similar circumstances in some of the corpuscles of mammalia.” But Bottcher 
has reported t seeing nucleated blood-corpuscles in the capillaries of living 
frogs, and more recently Hammond saw a nucleus in the red blood-corpuscles 
of young trout, varying as to age from a day to three weeks, swimming in a 
cell full of water ; § and afterward also in those of the tail of frog-embryos 
and in other animals. || 

Bottcher has by numerous methods and for a long time sought to demon- 
strate the existence of a nucleus in mammalian red blood-corpuscles. In his 
first publication^ he gave a historical sketch of the literature of the subject, 
and described the effects of chloroform, magenta, tannin, and other re-agents. 
He also treated corpuscles with serum of other blood; next** he placed them 
in aqueous humor (“methods which alter the red blood-corpuscles as little 
and as slowly as possible ”) ; afterward tt he treated them with alcohol and 
acetic acid, and still more recently tt by means of a concentrated alcoholic 
solution of corrosive sublimate (methods of ‘ ‘ hardening the blood-corpuscles 
and then extracting the hssmatin from them ”). Freer, using refiected instead 
of transmitted light (by means of Wales’ Illuminator), affirmed § § independently 
of Bottcher the existence of a nucleus in human blood; and Piper |H1 seems 
very desirous to confirm Freer. Brandt, having, H1[ in the red blood-corpuscles 
of living sipunculus, occasionally found a nucleus, though usually there is 
none, thought that perhaps the nuclei are unstable formations which by slight 
iufiuences are produced or made visible, and by others are destroyed or made 
invisible ; on examining a drop of blood from his finger, on which he had 
before pricking placed a little fresh chicken albumen, he usually found in 


* “Lehr'bucli tier Physiologie.” Leipzig, 1863, vol. i., p. 17. 

t “ On the Structure of tlie Red Blood-corpuscle of Oviparous Vertehrata.” Proceedings 
of tlie Royal Society, vol. xvil., 1868, 1869 (read afarcli 18, 1869). Monthly Microscopical 
Journal, April, 1869, p. 235. 

t “Untersuch ungen iiher die rothen Blutkorperohen derWirhelthiere.” Virchow’s Archiv, 
vol. xxxvi. (1866), (pp. 342-423), p. 351. 

? “ Observations on the Structure of the Red Blood-corpuscles of a Young Trout.” 
Monthly Microscopical Journal, June, 1876, pp. 282, 283. 

II “ Observations on the Structure of the Bed Blood-corpuscles of Living Pyrcnauuatous 
Vertebrates.” Id., September, 1876, p. 147. 

IT The “Untersuchungen” just cited, pp. 369, 863, 367, etc., and 376. 

** “ Nachtragliche Mittheilung liber die Entfiirbung rother Blutkorperchen und fiber den 
Nachweis von Kernen in denselben.” Virchow’s Archiv, vol. xxxix. (1868), pp. 427-436. 

tt “ Neue Untersuchungen iiber die rothen Blutkorperclien.” Menioires de I’Acad. Imp. 
des Sci. de St. Petersbourg, vii. Ser., t. xxii.. No. 11. 

tt “ Ueber die feinereu Structurverhaltnisse der rothen Blutkorperchen.” Archiv ffir 
Mikrosk. Anatomic, vol. xiv. (1877), pp. 73-93. 

% “ Discovery of a new Anatomical Feature in Human Blood-corpuscles.” Chicago Medi- 
cal Journal, May 16, 1868, and April 16, 1869. 

III! “ Coutractioji of Blood-corpuscles through the Action of Cold.” New York Medical 
Journal, March, 1877, p. 244. 

HU “ On the Nucleus of Red Blood-corpuscles.” Arbeiten der St. Petersb. Gesellsch. d. 
Naturf., vol. vii. (1876), p. 129. (In the Rus.sian language.) 
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many red corpuseles what he was inclined to interpret as a central nuclens, in 
confirmation of the observations of Bottcher.* More recently, Stowell has 
written a communication to corroborate Bdttcher. t And Strieker has ex- 
pressed the opinion that the nuclei of embryonal colored blood-corpuscles of 
mammals persist as circular thin disks; he argues that these “disks are so 
large that the body proper of the corpuscle appears on a surface view as only 
a narrow zone ; and that, therefore, except with high powers, the exist- 
ence of a nucleus is easily overlooked ; and he asserts that, by means of 
objective No. 15, he has in the blood-corpuscles of man, dog, rabbit, and eat 
seen the nucleus in both surface and profile views, t 

On the other hand, Sclimidt and Schweigger-Seidel, who repeated Bott- 
cher’s early methods, using especially chloroform as he had done, failed in 
finding nuclei, and suspected optical illusion. § Klebs contradicted Bottcher’s 
statements as to the presence of nuclei in normal mammalian red blood-cor- 
puscles ; but described the occurrence of nucleated red corpuscles in blood 
taken from the corpse of a child who had suffered from leucaemia, agreeing in 
so far with a like observation of Bottcher. || Brunn said f that he had con- 
vinced himself that the appearances produced by both of Bottcher’s later 
methods are artificial and optical effects, due to action of the re-agents on the 
substance of the corpuscles. And, similarly, Eberhardt has come to the 
conclusion that the remains after the action of different decolorizing re-agents 
are not nuclei, but stromata deprived of coloring matter ; and that a forma- 
tion unmistakably a nucleus has not yet been demonstrated in adult human 
and mammalian red blood-corpuscles.** ” 

Among other questions as to the red blood-corpuscle stated by Beale,tt he 
asks: “Is it a living corpuscle that distributes vitality to all parts of the 
organism, or is it simply a chemical compound which readily absorbs oxygen 
and carbonic acid gases and certain fluids? Is it composed of formative 
living matter, or does it consist of matter that is inanimate ? Does it absorb 
nutrient matter, grow, divide, and thus give rise to other bodies like itself, or 
does it consist of passive material destitute of these wonderful powers, and 
about to be dissolved into substances of simple composition and more nearly 
related to inorganic matter ? ” 

He answers the first parts of these interrogatories in the negative, and 
holds that it is “not living, but results from changes occurring in colorless 
living matter, just as cuticle, or tendon, or cartilage, or the formed material 
of the liver-cell, results from changes occurring in the germinal matter of 
each of these cells.” He says: “The colorless corpuseles, and those small 
corpuscles which are gradually undergoing conversion into red corpuseles, 

* “ Bemerkiiiigeii iilier die Kerne der rotlien Blutkorperclieu.” Archiv fiir Mikrosk. 
Anatomie, xiii. 2 (1876), p. iiQ2. 

t “ Structure of Blood-corpuscles.” American Journal of Microscopy and Popular 
Science, New York, June, 1878, p. 140. 

t “ Vorlesungen liber allgemeine und experiment elle Pathologie.” II. Abtlieilung. "Wien, 
1878, p. 438. 

i “ Elnige Bemerknugeu liber die rotlien Blutkorperclieii.” Bericlit der Kdiiigl. Siicli. 
sisclien Gesellscliaft der Wissenscliaften, 1867, p. 190. 

II ” Ueber die Kerne nnd Sclieinkerne der rotlien Blutkorperclien der Saugetliiere.” 
Virchow’s Archiv, vol. xxxviii. (1867), p. 200. 

IT “Ueber die den rotlien Blutkorperclien der Saugetliiere zugeschriebenen Kerne.” 
Archiv fiir Mikroskopische Anatomie, vol. xiv.. Heft 3 (1877), pp. 333-342. 

** “Ueber die Kerne der rotlien Blutkorperclien der Saugetliiere und des Menscheu.” 
Inaugural- Dissertation der niediziiiischeii Fakultat zii Konigsberg. April, 1877, p. 30. 

ft “ Observations upon the Nature of the Red Blood-corpuscle” ; 1. c., p. 32. 
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are living, but the old red corpuscles consist of inanimate matter. They are 
no more living than the cuticle or the hard, horny substance of nail or hair is 
living.” * He therefore denied the contractility and amoeboid movement of 
colored blood-corpuscles. 

Klebs was the first who accorded them life and contractility, t He did this 
because, on preventing evaporation and raising the temperature of blood, he 
noticed, aside from motion of the corpuscles, the protrusion and retraction of 
knobs, and the formation and disappearance of scallops. But though the 
correctness of his observation was not doubted, his inferences were strenu- 
ously contradicted by Eollett and others, t Lankester observed “ amoeboid 
figures” when colored blood-corpuscles had been subjected to the action 
of dilute ammonia and acetic acid, of which he says : § “ The behavior 
of these corpuscles under alternate weak ammoniacal and acid vapors 
furnished a very curious parallel to the movements of amoeboid proto- 
plasm, and a careful consideration of the phenomena may throw some 
light on the nature of protoplasmic contractility.” Bottcher admits 
the possibility of ' vital contractility, but thinks it cannot be compared 
to that of colorless blood-corpuscles. || Brucke,1T also, admits cautiously 
this possibility. Preyer** uses many qualifying expressions, s\ich as “only 
in part,” “under certain circiimstances,” “ in some degree,” “temporarily,” 
“at certain times.” He observed active form-changes of red corpuscles 
ill extravasated amphibian blood, examined in the moist chamber, which led 
him to the conclusion that “ the substance of these corpuscles consists of dis- 
solved coloring matter and a colorless material (protoplasma) which, both 
when still in connection with the coloring matter and when free from this, 
shows under certain circumstances phenomena of contractility similar to those 
observed in many lower organisms.” He adds : “ As a rule it evinces no con- 
tractility, and constitutes, as a modified protoplasm, the stroma of amphibian 
blood-corpuscles.” tt Max Schultze, who denied the contractility of red blood- 
corpuscles of man and mammals (although when subjected to a very high 
temperature — fifty to fifty-two degrees C., nearly enough to kill them — he 
saw protrusions and detachments of portions), admitted that the red blood- 
corpuscles of very young chicken-embryos are contractile, ft Friedreich §§ 
observed in an enfeebled anaemic patient polymorphous red blood-corpuscles, 
with active though very slow form-changes, which he could not but interpret 
as the result of contractility. In the post mortem blood of a woman who had 
been leuc^mic he saw similar polymorphous corpuscles ; and in a case of 
albuminous urine he repeatedly observed colored blood-corpuscles from which 
miuute portions became constricted and separated, as well as those which 

* Ibidem, i). 43. 

t Centralljlattfur medizinische Wissenscli., 1863, Ko. 514, p. 851. 

t For tiro views ol Kollett, Max Sclmltze, Kiiline, etc., see “Strieker’s Ilaudbucli,” cit., 
Leipzig (1869) edition, p. 287 ; American reprint (1872), p. 286. 

i Op. c., p. 378. 

II Arciiiv fiir Mikr. Anat., vol. xiv. cit. in 91 ; translated in Quarterly Journal of Micro- 
scopical Science, Oct., 1877, p. 391. 

U i. c. 

** Op. c., p. 417 et seq. 

tt Ibid., p. 440. 

It Verliandlungen der Niederrlieinisclien Gesellscliaft I'iir Natur und Heilkunde in Bonn, 
am 8 Jnni, 1864 ; Berliner Klinisolie W^ochensclirift, 1864, No. 36, p. 358. 

“ Bin Beitrag zur Leloensgescliiclite der rotlion Blutkorporchen.” Virchow’s Archiv, 
vol. 41 (1867), p. 395. 
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exliibited amoeboid protrusion and retraction of short blunt projections, 
whereby a slow locomotion of the corpuscle was accomplished. He assumed, 
that the contractility which the colorless corpuscles possess in so high a degree 
is preserved in undiminished strength in the red corpuscles in certain patho- 
logical cases. According to Charlton Bastian,* * * § red blood-corpuscles leave under 
certain circumstances the vessels by virtue of active ammboid movements ; 
and he thinks it would be well if “the attention of future observers should 
be directed to these peculiarities, and to the particulars above mentioned, in 
order to determine more certainly than has yet been done how far amoeboid 
movements and contractions do take place in the miich-examined and much- 
written-about red blood-corpuscles.” 

Lieberkiihn observed in the red corpuscles of salamandra and pike’s blood 
active protrusion and retraction of bead-like processes. He also saw move- 
ments of granules or small molecules in the interior of the red blood-corpuscles 
of living frog embryos, t 

Faber, t in addition to his own observations of contractility and spontane- 
ous locomotion of colored blood-corpuscles in albuminous urine, — phenomena 
which continued to be manifested for a longer time in colored than in colorless 
corpuscles, — has given a rather complete account of the literature of these 
phenomena, including the reports of diapedesis observed by Virchow, Strieker, 
Cohnheim, Prussak, and Hering. The observations of amoeboid movements 
by Bastian (just cited), Owsjannikow,^ Winkler, j| and Brandt IT seem to have 
escaped him; Arnold’s experiments concerning diapedesis,** and Belfield’s 
observation of emigi-ation of certain small-sized red corpuscles of the frog,tt 
were published more recently. Since the publication of Faber’s article, fur- 
thermore, liommelaere has described amoeboid movements of colored blood- 
corpuscles ; Brandt §§ has spoken of the peculiar forms of the red blood-cor- 
puscles of sipunculus and phascolosoma referable to amoeboid movements, 
and of the fact that occasionally in the temperature of an ordinarily warmed 
room considerable movements are accomplished ; and Schmidt has observed 
spontaneous motion (expansion and contraction) in a fresh colored blood- 
corpuscle of amphiuma in one instance, |H| and in those of man in a number 
of instances. He reports that he had witnessed the phenomenon in the col- 
ored blood-cori)uscles of man as early as the summer of 1871. He says: 
“In examining a specimen of human blood, and whilst my attention was 
directed to the colored corpuscles as they were carried along by a moderate 
current of the liquor sangifinis under the covering-glass, I noticed on some of 

* “ Passaffo of tlie Red Blood-corpuscles through the Walls of the Capillaries in Mechan- 
ical Congestion.” British Medical Jotirnal, May 2, 1868, pp. 425, 426. 

t “ Ueber Bewegungserscheinungen der Zellen.” Schrifteii der Ge.sellscliaft znr Betordc- 
rnng der gesainmten ISTaturwissenscliaften zu Marburg, vol. ix. (1870), p. 335. 

t “Ueber die rothen Blutkorperchen.” Arcliiv der Heilkunde, xiv. (1873), x>p. 481-611. 

§ Op. cit., p. 563. 

II “Textur, Structiu-, und Zellleben in den Adiiexen des Menschlichen Eies,” Jena, 1870, 
p. 33. 

y “ Anatoniisch-hist. Untersucliungen iiber d. Sipunculus nudus, L.” Memoires de 
I’Acadfeniie Iinperiale des Sciences de St. Petersbourg, vli. Sorie, t. xvi., No. 8. 

** Xioc. cit. 

tt “Emigration in Passive I-Iypermmia.” American Quarterly Microscopical Journal, 
October, 1878, p. 39. 

tt “ De la Deformation des Globules Rouges du Sang.” Bruxelles, 1874, p. 47. 

?? In afoot-note to liis “ Bomerkungen iiber die Kerne der rothen Blutkorperchen,” 1. c., 
pp. 391, 392. 

III! Op. cit., p. 67. 
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them the projection and immediate withdrawal of minute, conical, thorn-like 
processes, whenever one blood-corpuscle came into the vicinity of another, 
without, however, actual contact. It seemed almost as if one corpuscle were 
attracting or drawing out the thorn-like process from the surface of the other. 
In other instances, however, I observed the shooting forth and quick with- 
drawal of these processes from the margins of corpuscles not in close vicinity 
to others. As these processes appeared at the marginal surfaces of the blood- 
corpuscles, before the latter had come in contact with other of their fellows, 
I naturally regarded the phenomenon as one of spontaneous motion, mani- 
fested by the colored blood-corpuscle. But as in most instances the phenom- 
enon was observed in corpuscles passing near each other, I was inclined to 
attribute it to a certain power of mutual attraction, residing under certain 
conditions in the colored blood-corpuscles. Having taken the precaution of 
slightly warming the glass slide before putting the blood, quickly taken 
from the vessels of the skin of a vigorous young man, upon it, and the tem- 
perature of the surrounding air being ninety-six degrees P., or even more, at the 
time, I also considered a certain amount of heat, at least ninety-eight degrees 
F., as essential to the manifestation of the phenomenon. This view, how- 
ever, proved to be erroneous, as I shall show directly. Although I have wit- 
nessed this phenomenon on blood-corpuscles when in a state of rest, it 
nevertheless is more frequently observed on blood-corpuscles in motion, as 
when they are earned along by a current arising in the specimen under the 
covering-glass, and resembling in character the current in the capillary vessels. 
With this view, the drop of blood should be tliinly spread upon the glass slide, 
and quickly covered with the thin plate of glass. While the blood-corpuscle 
is projecting the thorn-like process, its body elongates, resembling a uni- 
polar cell, but with the withdrawal of the process generally assumes its 
original round form ; bijiolar or lemon-shaped corpuscles are also very fre- 
quently met with in specimens of human blood. The same process is also 
observed when the margins of two corpuscles actually touch each other very 
slightly, and then slowly separate again. While separating, the thorn-like 
processes will be drawn out at the exact place of contact, and either remain 
permanent or disappear again after the separation has taken place. 

That the normal heat of the human blood is not essential to the manifesta- 
tion of spontaneous motion in the colored corpuscles, I discovered during the 
past winter, while repeating my examinations of the structure of these bodies. 
I then witnessed the phenomenon above described, without having warmed the 
glass slide and covering-glass, and at the temperature of a moderately warmed 
room. However, I observed a colored corpuscle of a constricted form, similar 
to a figure of eight, slowly expanding, and finally resuming its original round 
form. 

^‘From this we may conclude that the colored blood-corpuscle of man pos- 
sesses not only a certain inherent power of contracting its body, but also of 
resuming its original form by a subsequent expansion, a characteristic 
property of the living protoplasm enabling the colored corpuscle to manifest 
spontaneous motions, though not to so great an extent as is seen in the color- 
less.”* 

In his “General Conclusions and Summary,” Lankestert says that the 
viscid mass constituting the red blood-corpuscles of the vertebrata “ consists 


Op. cit, pp. 113-115. 


t Op. cit. p. 386. 
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of (or rather yields, since the state of combination of the components is not 
known) a variety of albuminoid and other bodies, the most easily separable of 
which 'is haemoglobin ; secondly, the matter which segregates to form Robert’s 
macula ; and thirdly, a residuary stroma apparently homogeneous in the 
mammalia (excepting so far as the outer surface or pellicle may be of a differ- 
ent chemical nature), but containing in the other vertebrata a sharply defin- 
able nucleus; this nucleus being already differentiated but not sharply 
delineated dming life, and consisting of (or separable into) at least two com- 
ponents, one (paraglobulin) precipitable by CO 2 , and removable by the action 
of weak NHg ; the other pellucid and not granulated by acids.” 

A residuary stroma, such as Lankester here speaks of, seems to have been 
first recognized by Nasse, who said* that the red blood-corpuscle “consists 
of a basis tissue, insoluble in water, which is penetrated by a red substance, 
probably dissolved, or at least in water easily soluble (the red coloring matter 
of the blood), and some water, and within which there is an aggregation of 
solid granules not connected with the coloring matter.” Rollett, t also, 
assumed that a stroma or matrix enters into the structure of the colored 
elastic extensible substance of the red blood-corpuscle, to which the form and 
the peculiar physical properties of the corpuscle are due. This stroma is, 
however, according to Bottcher, an artificial product, “ nothing more than a 
residue of the colorless part of the red blood-corpuscles, varying much in 
form and extent, which remains after the dissolution of the original structural 
relations.” t Briicke considered the most probable interpretation of the forms 
of colored blood-corpuscles, based on their appearances after the addition of 
boracic acid, to be the existence of a porous mass of motionless, very soft, 
colorless, hyaline substance, which he calls cecoid, in the interspaces of which 
is imbedded the living body of the corpuscle ; which body he calls zooid, and 
which consists of the nucleus (where that exists) and all the remaining part 
of the corpuscle containing the hsemoglobin. § But Rollett insisted that the 
forms on which Briicke based this interpretation are products of decompo- 
sition. II Strieker agrees with Briicke as to the existence of the oecoid, but 
separates, in oviparous corpuscles, the remaining portion into nucleus and 
body. IT Of the three views thus presented, Lankester gives, after Strieker, 
the following tabular statement : ** 

Accoi’ding to 
Rollett. 

According to 
Briicke. 

According to 
Strieker. 

* “Blut.” E. Wagner’s “ Hajidworterljucli tier Pliysiologie.” Eraunscliweig, 1842, vol. i., 
p. 89. 

t“Versuclie uml Beobaclitungen am Blute.” Moleschott’s Uutersucluiiigen, ix. ; also 
Sitznngsbericlite der Wiener Akadeniie, vol. xlvi., Biv. 2 (1862), ]>p. 65-98; and Strieker’s 
“ Handbucli,” cit. Beipzig edition, 1869, p. 295 ; American, i). 284. 

t Op. cit, Arcliiv liir Mikroskopisclie Anatomie, p. 90, translated in Quarterly Journal of 
Jlieroseopical Science, October, 1877, p. 390. 

§“Ueber den Bail der rotlien Blutkorper”; Sitzungsbericlite der Wiener Akadeniie, 
vol. Ivi., Div. 2 (1867), p. 79. 

II “ Ueber Zersetzungsbilder der rotben Blutkorperclien ” ; Untersnclinngen aus dem 
Institute der Pliysiologie und Histologie in Graz. Leipzig, 1870, p. 1. 

Tf “Mikrocliemi.sche Untersncliungen der rotlien Blutkoriierclien ” ; Arcliiv fiir die ge- 
sanimte Plij^siologie des Mensclieu und der Tliiere (Pfliiger’s), vol. i. (1868), p. 692. 

** Op. cit. in a foot-note to p. 374. 


Red blood-corpuscles 
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C5troma. 

Coloring matter, 
fficoid = outer part of stroma. 
Zooid = rest of stroma plus he- 
moglobin. 

Memfe-ane = oecoid. 

Body= zooid minus nucleus. 
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If it had not been for the deserved eminence in other respects of the three 
investigators, Eollett, Briicke, and Strieker, these notions of the structure of 
colored blood-corpuscles would probably never have attracted any attention. 

Laptscliinsky * considered colored corpuscles to consist of two kinds of 
substance, — viz., one which appears smooth, soft, extensible, assumes mostly 
a roundish form, and altogether possesses some if not all of the proper- 
ties of the so-called stroma ; the second, visible under the microscope 
only when through the action of different re-agents it is precipitated, 
or swelled, or both. It is this second substance which, on staining, takes up 
the coloring matters, and, by separating in the interior of the corpuscle from 
tlie first substance, or protruding from it, gives rise to the various shapes 
observed. At present it cannot be determined in what relation these two 
substances stand to each other previous to the precipitation of the stainable 
portion. The separating the blood-corpuscles into the two substances men- 
tioned is brought about by various external influences. 

In amphibian, i. e., frogs’ and salamanders’, red blood-corpuscles, Hensen, 
Bbttcher, Kollmann, and Fuchs have seen a net-work; and althougli they 
have failed to interpret it correctly — as is evident from the context of their 
descriptions — I beg to call special attention to their observations. 

Hensen ascribed to the corpuscle the possession of protoplasm accTimvdated 
at the nucleus and at the inner surface of the membrane ; the two being 
connected by delicate radiating filaments, in the spaces between which the 
colored cell-liquid lies.f 

Bottcher, from his observations, ‘Hirf erred that around the nucleus of the 
amphibian blood-corpuscles a mass of protoplasm is collected, which radiates 
in the form of filaments into the homogeneous red substance. . . . The pro- 
toplasm ajDpears sometimes collected uniformly round the nucleus, at other 
times it is accumulated more to one side of it. It is either provided with only 
a few processes, or is arranged round the nucleus in the shape of an elegant 
star, whose points extend to the margin of the corpuscle, or else it forms 
round the nucleus a peculiar lobed figure. Very often it appears beset on one 
or all sides with fine, hair-like processes. Then, again, it may represent a sort 
of net-work, which either appears separated from the less darkly colored cor- 
tical layer and more contracted, or else it throws out into the cortex innu- 
merable very fine radiating filaments, so tiiat its processes approach the 
extreme periphery of the blood-corpuscles. In this case, therefore, the whole 
blood-corpuscle is permeated by a net-woi’k of fine filaments.” t 

According to Kollmann, the membrane incloses a net-work of delicate 
slightly granular albumen threads. These in their totality constitute the 
stroma, and in the small spaces between the threads of the stroma lies the 
hegmoglobin. The soft, elastic albumen threads are stretched between mem- 
brane and nucleus. Oidy by a certain degree of their tension is the charac- 
teristic form of the blood-corpuscle possible. The hEemoglobin in the meshes 
counteracts excessive shortening of the threads. ^ 

Fuchs expresses himself similarly as to the net-work of fibers emanating 
from the nucleus, and going to the periphery of the frog’s red blood-corpuscle. 

* “ IJeljer das Verhalten der rotlien Blutkdrperchen,” loc. cit, pi). 173, 174. 
t “TJntersuclmiigen,” 1. c., i>. 261. 

t “ On the MiiiTite Structural Kelatlons of the Ked Blood-corpuscles.” Quarterln .Tournai 
of Microscopical Science, Oct., 1877, iip. 888-390. 
i “Bau derrotheii Blutkorperchen,” 1. c., p. 482. 
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He adds that the net-work gives the corpuscle its shape, and fixates the 
nucleus in the center. Death of the corpuscle produces first coagulation, 
afterward liquefaction of the fibers of the net-work. Whenever the fibers are 
coagulated they are shortened, and produce indentations at the surface by 
drawing upon the points where they are attached ; when the shortening pro- 
ceeds too far, the fibers are torn off from the membrane, and in both cases of 
shortening there are places at the surface which look protruded. Liquefac- 
tion of tlie fi'^ers is assumed when the corpuscle has a vesicular appearance, 
when it seems to contain a semi-fluid mass in which the nucleus may take any 
position, and from which it sometimes exudes, proving in exuding the exist- 
ence of a membrane as already described.* * * § 

Schmidt seems to have seen something like an arrangement of filaments, 
but, if so, has misinterpreted it entirely. He has reported observing in blood 
of amphiuma treated first with water under the microscope, and then with a 
very weak solution of chromic acid (strength not ascertained), “a series of 
fine lines, radiating from the periphery of the nucleus through the protoplasm 
to the inner surface of the membraneous layer of the blood-corpuscle.” He 
remarks : “ Now this picture would almost seem to corroborate the theory of 
Hensen, as well as that of Kollmann ; the fine double lines representing the 
filaments, which they suppose to radiate from the nucleus to the enveloping 
membrane. But this is not the case ; for a closer examination reveals that 
these lines represent nothing but fissures in the protoplasm, which appears to 
liave assumed some form of crystallization. This becomes more evident by 
observing some of these fissures deviating from their course, and giving rise 
to subordinate branches.” t He has also reported a somewhat analogous 
appearance in the colored blood-corpuscles of the frog, both fresh and treated 
with the same re-agents. This he explained by contraction of the interior 
mass. He says : ‘ ‘ The protoplasm in such a ca^ retracts upon the nucleus, 
which it completely surrounds, while the membraneous layer appears isolated, 
manifesting itself by a double contour. And again, if the same process should 
take place vdthout entirely separating the protoplasm from the membraneous 
layer, but leaving at certain small points a union between the two parts, the 
result must be the production of a number of filamentary processes, arising 
from the main bulk of the protoplasm, and passing to those points of the 
membraneous layer.” f 

Kneuttinger considered the two surfaces of the biconcave disk of blood- 
corpuscles to be connected at the place of the depression by protoplasma 
threads ; if these tear, the biscuit form changes to a sphere. § 

According to Krause, the red blood-corpuscle consists of : 1. A colorless 
stroma formed by a solid albuminous matter arranged into radial fibers, and 
'2. Hsemoglobin, which is a colored fluid albuminous matter lying in the 
interspaces of these fibers. H 

Lieberkiihn has found that the fi'ee nuclei of red blood-corpuscles of 
salamandra and tritons (the blood having been kept for some time in 
colored glass tubes) consists of two substances, of which one forms the 

* Op. cit., p. 95. 

t Op. cit., p. 72. 

t Ibid., p. WO. 

§ “ Zur Histologie ties Blutes.” Wurzburg, 1865, p. 22. 

II “ Allgeineine und Mikroskopisclie Auatoiuie,” p. 325-:l34. 
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envelope and septa or threads passing more or less regularly through the inte- 
rior, the other being contained between these septa. 

In the nuclei of colored blood-corpuscles, Biitschli, W. Flemming, and Klein 
have reported the existence of a net-work, viz. : 

In the nuclei of red blood-corpuscles of frog and newt, Biitschli observed 
fibrils, with granTilar thickenings, traversing the nucleus and passing to and 
connecting with its envelope.! 

Flemming saw a very delicate and dense net-work of fibers pervading the 
interior of the nucleus, and attached to the nuclear membrane in many so- 
called cellular elements of the bladder of eurarized salamandra maculata. 
He inferred that the net-work is present also in the nuclei of the red blood- 
corpuscles, though he did not see it there, t 

Speaking of some capillary blood-vessels of a newt, Klein said: ‘‘Some 
such capillaries contained blood-corpuscles, and the nuclei of these showed a 
very distinct net-work.” § Also: “The examination of the nuclei of fresh 
epithelium of frog, toad, or newt, the nuclei of fresh colored corpuscles of 
these animals, especially of toad, with a Zeiss’s F lens, or a Hartnack’s 
immersion. No. 10, reveals fibrils in the nucleus, and also shows that the 
‘ granules ’ are due to the twisted or bent condition of them.” 


III. 

The method employed in my investigation, viz. : treatment of 
fresh blood with solution of bichromate of potash, and examina- 
tion with high magnifying power, has revealed certain appear- 
ances as the structural arrangements of colored blood-corpuscles. 
Do these arrangements exist in the living corpuscle, or are they 
artificial productions of the re-agent? 

Dilute solutions of bichromate of potash and Muller’s fluid are 
known as the best preserving media for the most delicate animal 
structures : nervous tissue, the eye, embryos, etc., are kept in 
them unchanged for any length of time. In the fecundated 
chicken-egg of only twenty hours, placed in such a solution, the 
heart, but just formed, has been known to continue for a time 
to beat. Rollett has investigated the influence of bichromate of 
potash on protoplasm, and found that no alterations were pro- 
duced. In my series of observations, the weakest solutions (ten 
per cent, saturated solution or less) produced no paling of the 
colored corpuscles; while, on increasing the strength up to a 

* Loc. cit. 

t “ Stu(Uen iiber die ersteu JSntwickeluiigsvorgiinge der Elzelle, die Zelltlieiluiig imd 
die Conjugatiou der Iiit'usorien.” Abliandlimgen der Senckenbergisclien Natiirforsclienden 
Gesellscliat't, vol. x., Heft 3, 4 (1876), p. 260. 

t “ Beobaclitnugeii iiber die Beschaffeiiheit des Zellkernes.” Aroliiv fiir Mikroskopisclie 
Anatomie, vol. xiii. (1876), p. 693 et. seq. 

? “ Ob.servatioiis on tlie Structure ot Cells and Nuclei.” Quarterly Journal of Micro- 
scopical Science, July, 1878, p. 337. 

II Ibid., p. 332. 
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certain point, paling occurred in an increasing degree, and a 
morphological structure became visible at the same time that the 
manifestations of life (contraction and amoeboid movement) con- 
tinued. From this we certainly may infer that the re-agent has 
not altered, at all events not seriously impaired, the living matter j 
and when we find that the structural arrangements thus revealed 
are the same as those demonstrable without re-agents in other 
living matter, the inference that they were preexisting, and not 
artificially produced by the re-agent, becomes a certainty. 

The knowledge of the structure of colored blood-corpuscles 
will not enable us to solve all the problems regarding their 
nature ; but some questions are answered pretty conclusively by 
my investigation. 

The colored blood-corpuscle is not a cell in any proper sense 
of that word, but, like the colorless corpuscle, is an unattached 
portion of the living matter (bioplasson) of the body. Broadly 
speaking, the essential difference between the two kinds of cor- 
puscles is the presence of haemoglobin, using this term to desig- 
nate the substance or substances — no doubt chemically very 
complicated — constituting the coloring matter under all the 
varying physiological circumstances. , 

In size, human colored blood-corpuscles vary so much, that 
claims to be able to distinguish them by their size from certain 
other mammalian colored blood-corpuscles are inadmissible. 

The colored blood-corpuscle has no separate investing mem- 
brane 5 nevertheless, the outer portion, essentially like the inner 
substance forming the net- work, may be considered to be differ- 
entiated from the latter, especially at the periphery of the disk, 
where it constitutes an encircling band of uniform thickness, 
or occasionally of a wreath-of -beads appearance. In the colored 
blood-corpuscles of the lower classes of vertebrate animals there 
is usually a nucleus to be seen, which is not the case, as a rule, in 
those of man, and other mammalians ,• but there is in the interior 
of these an accumulation of matter occasionally met with, which 
may be interpreted as a nucleus. 

In the communication to the Vienna Academy, in 1873, 
Heitzmann demonstrated the existence of a net- work in amoebae, 
blood-corpuscles of astacus and of triton, human colorless blood- 
corpuscles and colostrum corpuscles ; and, from direct observa- 
tion of the changes in the reticulum during the contraction of 
the hving body, announced that the substance constituting the 
net- work is itself the living matter or bioplasson — i. e., “ the 
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imcleolns, the nucleus, the granules with their threads, are the 
living contractile matter proper.’’ Aside from some conditions 
which do not here concern us, he described and illustrated three 
states of the net-work — viz., that of rest, that of contraction, and 
that of extension. ' 

A fourth state of the living matter is assumed (hypothetically) 
by the same investigator, to account for the formation of a flat 
layer of living matter, such as forms the walls of a vacuole, the 
membrane of a lindens, or the outer layer of the whole bioplas- 
son mass. 

Heitzmann believes that each of these states may at any time 
change into the other — i. e., that the net- work may from the 
condition of rest be transformed into that of contraction, or 
of extension, or of flattening, and from each of these into 
either of the others. At all events, there may arise in the 
bioplasson body a vacuole having a continuous thin wall, and 
containing lifeless fluid and detached particles of the living 
matter. Or, a bioplasson mass may take into its interior foreign 
bodies by forming around them a cul-de-sac, which then opens 
toward the center and closes at the periphery, and the net-work, 
rent during the process, reestablishes itself. Again, a bioplasson 
body, which by flap or knob protrusion and separation has lost a 
portion of its substance, as well as the portion detached, may 
become rounded off — the rupture at the place of detachment 
healing in each case without loss of life. And further, two bio-, 
plasson bodies may coalesce, and a portion of the periphery of 
each be transformed into the uniting net-work. 

By adopting these views, and applying them to the living 
matter of colored blood-corpuscles, we may explain the changes 
which they have been observed to be subject to. What are the 
changes that occur on the addition of a 40 per cent, saturated 
solution of bichromate of potash f I have described indentations 
and protrusions which either persist or are leveled again ,• pro- 
trusion of knobs, either pedunculated or sessile, which sometimes 
are so numerous that they surround the body of the corpuscle 
like a wreath ,• decrease of the size of the main body by detach- 
ment of knobs ; appearance of net-work structure, most marked 
in the corpuscles which have not lost much of their substance ; 
vaeuolation of corpuscles, and transformation of many of the 
portions detached into vacuoled globules which increase in 
size ; finally, change into faint, almost structureless disks, the 
so-called ghosts.” 
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The regular rosette, stellated, and thorn-apple shapes are 
caused hy a uniform concentric contraction of the living matter ; 
— the fluid in the interior, being pressed toward the outer layer 
between the points of attachment of the threads, will produce 
a bulging out at the periphery. Irregular contractions of the 
living matter will give rise to irregular flaps at the periphery. 

An indentation is due to locally limited contraction of the 
net-work in the interior of the corpuscle. Contraction of the 
living matter at one part of the periphery will bring about a 
protrusion of a flap at another, the flap being bounded by the 
outer layer of the corpuscle. 

Segmental contraction of the net- work will produce a rupture 
of the outer layer of the corpuscle, with projection of a pedun- 
culated granule or knob, formerly a part of the interior net- work. 
Continued contraction will be followed by the rupture of the 
pedicle and the production of either so-called detritus or small 
granules, or when the protruded knob is larger, or has become 
swelled, of a pale-grayish disk.* 

Lastly, a large amount of the net- work having been separated 
from the parent body, the latter becomes transformed into a pale 
disk, in which no traces of a net- work, or but very indistinct 
ones, are visible, a so-called ghost. 

At every stage of the protrusion of either flaps or pedunculated 
knobs or granules, the living matter may be overtaken by death, 
and the contraction become fixed by cadaveric rigidity. It may 
perhaps be worth while to notice that irregular contractions have 
a somewhat greater tendency to such permanency than regular 
ones ) these more frequently yielding, by relaxation of the net- 
work, or reestabhshment of the state of rest, at impending death. 
But in the blood-corpuscles kept for over two years in bichromate 
of potash, all the described forms can be observed just as well 
as in freshly made specimens. 

* The peculiar corpuscles believed to be characteristic of syphilis by Los- 
torfer, and proved by Strieker to be present in the blood of individuals broken 
down by that and various other diseases, are nothing but such disks — i. e., 
portions of the colored blood-corpuscles protruded from the interior, detached 
and more or less swelled. As persons in low states of health have a relatively 
small amount of living matter in the same bulk, or, in other words, only a 
delicate net-work within the bioplasson body or plastid (the so-called “ cell ”), 
such a net-work snspended in a relatively large amount of fluid can much 
more easily contract and bring about a rupture of the outer layer, than in the 
case of healthy persons, within whose plastids there is relatively less room for 
contraction to take place. 
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The reason why the corpuscles of the smallest size do not 
change in the solution of bichromate of potash of medium con- 
eentratioiij is, perhaps, that, being compact masses of living mat- 
ter in which the hasmoglobin is not as yet accumulated within 
meshes, the solution does not reach and cannot extract the 
hgemoglobin. These small globules are probably intermediate 
stages of development of colored blood-corpuscles, or the so-called 
hasmatoblasts of Heitzmann * and of Hayem.t 

The Origin of Colored Blood-corpuscles. In 1872, | at a time 
when I was ignorant of the structure and differences of bio- 
plasson, according to its development, and consequently adhered 
to the cell-theory, I made the following statements : 

Formation of Blood from Cartilage. In a horizontal section 
of the condyle of a femur of a recently killed dog, several weeks 
old, we recognize, upon adding a drop of a one-half per cent, 
solution of chloride of sodium, with moderate powers of the 
microscope, two kinds of cartilage-corpuscles, — f?’st : large, pale 
granular, distinctly nucleated cartilage-corpuscles; and second: 
smaller shining, yellowish, indistinctly granular corpuscles, 
devoid of nuclei. There are transitions between these two kinds. 
Still more marked is the difference in sagittal (antero-posterior) 
sections of the cartilaginous epiphysis of the same dog. Near 
the articular surface, the corpuscles, closely arranged, look 
uniform ; but the nearer we come to the diaphysis, the more 
marked is the difference between the pale and the yellow, shining 
corpuscles. The glistening substance is often found in a crescent 
shape around the pale granular, or it occupies the center of the 
latter in the shape of a globular or irregularly angular body. 

Close to the border of the calcified basis-substance, the 
difference between the two kinds of cartilage-corpuscles is very 
marked. In a cavity of the basis-substance we often find the 
shining, coarsely granular substance characterized by thorny 
offshoots, and surrounded by a pale, granular zone, between 
which and the basis-substance there is an apparently structure- 
less rim. Solution of chloride of gold renders the finely grannlai- 
bodies pale violet, whereas the coarsely granular ones assume a 
dark violet color, retaining their luster. 

* Studien am Kiiochen undKnorpel.” Med. Jahrbiicher, 1872. 
t “ Sur PEvolution des Globules rouges dans le Sang des Vertebres.” 
Compt. rend. Acad, des Sei., Nov. 12, 1877; Mem. Soc. de Biologie, Nov. 
24, 1877. “ Sur I’Evolution des Globules rouges dans le Sang des Animaux 
superieurs.” Compt. rend. Acad, des Sci., Dec. 31, 1877. 

t “ Studien am Knoclien und Knorpel.” Medic. Jahrbiicher, Wien, 1872. 
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The older an animal (dog, cat, or rabbit) we examine, the 
thinner we find its articular cartilage, and the less of shining, 
coarsely granular corpuscles; in the cartilage of a very old 
dog such corpuscles were entirely wanting — only pale granular 
nucleated were present. 

On the calcified border of the articular cartilage of a young 
rabbit, I found large spaces in the narrow calcified basis-substance, 
which were partly filled with a colorless, finely granular proto- 
plasm, and their centers exhibited the glistening substance. In 
the large spaces below these, groups of bright lumps of differ- 



Fig. 27 .— Condyle op Femuk op a Young Rabbit 
Calcipication op the Diaphyseal Cartilage.^ 
[Published in 1872 .] 


AT THE Boeder of 
Sagittal Section. 


CU cartilage-corpusoles, flllrns tlie spaces of the calcified hasis-suhstauce, CA ; changing, 
lu one level into lueinatohlasts, X, and below this level into inednllary corpuscles X The 
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ent shapes were present, which had the appearance of having 
originated hy the splitting up of larger lumps. (See Pig. 27.) 

As the shining, solid corpuscles exhibited stages of develop- 
ment advanced to the formation of nearly perfect red blood- 
corpuscles, I considered them as juvenile forms of the latter, and 
proposed for their designation the term “ hsematoblasts.’’ I 

concluded that a 
part of the carti- 
lage-corpuscles, or 
a portion of the 
body of such a 
corpuscle, had be- 
come transformed 
into haematoblasts. 

Formation of 
Blood in Inflamed 
Bone. In speci- 
mens obtained 
from a dog’s tibia, 
which, eight days 
before the death of 
the animal, was 
purposely injured 
with a red-hot iron, 
without opening the central medullary space, I found in the 
bone-tissue numerous cavities, which, besides a finely granular 
protoplasm, contained red blood-corpuscles. (See Fig. 28.) 

The suspicion arose that the blood-corpuscles had formed 
from the bone-corpuscles, which might be confirmed by finding 
stages of transition. 

Such stages were really discovered in many of the specimens. 
I met in the cavities of the bone-tissue with manifold formations 
of a substance the characteristics of which were : absence of a 
visible structure, a high degree of luster, and a yellow color. 
This substance appeared either in the shape of ledges bordering 
the pale, granular protoplasm, or of lumps with fine scallops or 
of glistening disks, and lastly, of corpuscles looking like red 
blood-corpuscles with the central cup-shaped depression, and, 
in side-view, biscuit-shaped. Lumps of this substance may some- 
times be composed of coarse granules. (See Fig. 29.) 

Identical formations were also found in blood-vessels. We 
are justified in calling corpuscles that we find within blood- 
vessels, blood-corpuscles of some kind. Now, as these corpuscles 


Fig. 28 . — Bone-corpuscles from the Compact 
Portion op a Dog’s Tibia, Injured with a 
Red-hot Iron, Eighth Day op Inflammation. 
Chromic Acid Specimen. [Published in 1872 .] 

Tlie mmiber of Llootl-corpusoles varies iu A , B , C . Magnllied 
800 (liaiiieters. 
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do not, either inside or ontside of the vessels, which themselves 
are not fully developed, exhibit the features of perfect red blood- 
corpuscles, but show the most convincing transitions toward 
such, we are certainly justified in saying that they are stages of 
development of colorless protoplasm into colored corpuscles. 
We may designate such formations as hgematoblasts. 

I thus saw formations also met with by W. H. Carmalt and 
b. Strieker * in the inflamed cornea of the frog and rabbit, and 



Fig. 29. — H^ematoblasts in Bone-corpuscles op a Dog’s Tibia, Purposely 
Injured with a Eed-hot Iron. Eighth Day op Inflammation. [Pub- 
lished in 1872.] 

Bright homogeneous lumps, X' and L'i, contain a few vacuoles, V, or numerous vacu- 
oles, Z>. The shining substance borders the bone-corpuscle at M a fully formed red 
blood-corpuscle at £. Maguilled 800 diameters. 

could corroborate the statement of C. Rokitansky! that in 
“ mother-cells,” when they ramify in order to produce a capillary 
system of vessels, blood originates. 

In 1873 (page 46), I claimed all the formations described to 
be living matter at an early, juvenile stage, from which, in turn, 
by vacnolation and reticulation, protoplasmic bodies may arise. 

* Medic. Jahrbiiclier. Wien, 1871. 
t Handbueh der allg. patliolog. Anatomie. Wien, 1846. 
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Lumps of living matter, however, separated from the neighbor- 
ing formations and suspended in plasma, in blood-vessels, I still 
considered as blood-formers — haematoblasts. 

The idea prevailed at that time that red blood-corpnscles 
originate from nucleated, colorless corpuscles, although no other 
support was found for this idea except that in the embryo there 
are nnmerons nucleated corpuscles in the blood-vessels. All 
attempts to transform colorless into colored blood-corpuscles 
outside the body, by their exposure to oxygen gas, proved to be 
failures. I have shown that whenever one tissue is transformed 
into another, — f. i., cartilage into bone, and also in an inflamed 
tissue, f. i., that of bone, — colored blood-corpnscles grow from 
granules of living matter in a way entirely different from that 
supposed by other histologists. 

E. Neumann* first drew attention to a difference in the 
shape of the corpuscles of the medulla of bone. In the liquid 
pressed out of this tissue he found colorless, granular lymph- 
corpuscles and yellow corpuscles, characterized by a homogeneous 
appearance, and a size only a little exceeding that of red blood- 
corpuscles. He met with colored cells in the medulla of bone, 
in numbers the greater the younger the individual, and inter- 
preted these to be stages of transition to red blood-corpuscles. 
He also concluded that during life a continuous transformation 
of lymphoid into red blood-ceUs takes place. 

Gi. Bizzozero t found in the medulla of bone, besides colorless 
protoplasmic bodies, such with homogeneous, reddish-yellow 
nuclei, and also bodies about to divide, which contained two 
homogeneous reddish-yeUow nuclei. He also interpreted these 
bodies as transitions of colorless to colored cells, and came to 
the conclusion that the medulla of bone was of importance in 
the production of colorless and red blood-corpuscles, and 
that the formations of the latter started from the nuclei of 
the former. 

It is obvious that the formations described by these investi- 
gators are identical with those I had termed hgematoblastic,' 
which occur not only in the medulla of bone, but also in bone 
and cartilage in the normal process of ossification. The yellow 
lumps which all of us have seen are by no means blood-cor- 
puscles, though under certain circumstances they may furnish 
the material for the formation of blood-corpuscles. 

* Centralblatt fiir die med. Wissenschaften, 1868. ArcMv der Heilkunde, x. 

t Gazetta medica Lombarda, 1868 and 1869. 
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Based upon researches in cartilage and bone of birds, 
L. Sclioney, in 1876,* makes the following statements: 

E. Nenmann t has denied the new formation of red blood- 
corpnscles on the border of ossification of the cartilage. At the 
same time he draws attention to Aeby, who already in 1858 
suggested such a new formation. From the quotation of Aeby’s 
wmrds, it follows that he only supposed the new formation on 
the border of ossification, as his researches in this direction did 
not yield positive results, whereas Heitzmann positively asserts 
the fact of such a new formation. 

E. Neumann’s reasoning I cannot consider correct ; he, f. i., 
could not understand that haematoblasts should stain with 
carmine, while perfect red blood-corpuscles remain unstained. 
Heitzmann claims that the h^matoblasts are in a juvenile con- 
dition of the protoplasm, from which, after certain changes have 
taken place, red blood-corpuscles arise. Corpuscles may react 
on being stained, in a different way, in their youth and old age. 

E. Neumann, furthermore, makes a point of the absence 
of nuclei in haematoblasts, assuming, as he does, that blood- 
corpuscles in their juvenile condition must have nuclei, though 
they are destitute of such later. My own researches may also 
clear up this point. 

‘‘ E. Metschnikowf found in the impregnated and hatched germ 
of fowl, at first nucleated, slightly colored, and later, nucleated, 
distinctly colored, blood-corpuscles, and concluded that the latter 
had originated from the former. This conclusion is not fully 
justified, as it is possible that, from the same source, at first 
slightly and afterward deeply colored blood-corpuscles may arise 
and pass into the circulation without necessarilj^ having directly 
changed from one into the other. The same reasoning also holds 
good for the blood-corpuscles of mammals. If at first nucleated 
and afterward non-nucleated blood-corpuscles are visible, who is 
willing to maintain that the latter have originated from the 
former, and that each red blood-corpuscle must have had a stage 
of nueleation ? 


* “TJeber den Ossificationsprocess bei Vogeln, und die NenMldung von 
rothen Blutkorperchen an der Ossificationsgrenze.” Archiv fiir mikrosko- 
pisehe Anatomie. Bd. xii. 

t Heitzmann’s “ H®matolblasten.” Archiv fiir mikroskopiselie Anatomie, 
November, 1874. 

X “Zur Entwicklungsgeschiehte der rothen Blutkorperchen.” Virchow’s 
Archiv, 41 Bd., 1867. 
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“ On watching specimens from the border of ossification of a 
growing chicken, we see within melted portions of the calcified 
basis-substance, homogeneous, shining lumps, in club-shaped 
spaces, inclosed by spindle-shaped elements. These spaces are 
not connected with perfect blood-vessels. The authors agree in 
considering such club-shaped formations as the first appearance 
of blood-vessels in the center of a medullary space. What are 
the shining corpuscles in the interior of a future vessel ? What 

else than not fully de- 
veloped blood- corpus- 
cles ? — therefore, hee- 
matoblasts. It is re- 
markable that these 
corpuscles have no nu- 
clei, and corpuscles 
crowded in blood-ves- 
sels toward the bone- 
tissue, the connection 
of which with older 
blood-vessels is not yet 
evident, also want nu- 
clei. Nucleated blood- 
corpuscles, so charac- 
teristic in birds, are 
visible only in deeper 
layers of the fully 
formed bone-tissue. If 
we admit that the 
youngest medullary 
formations are found 
in the ossifying borders 
of the cartilage, and 
that in the medullary 
spaces there are pres- 
ent corpuscles, to be considered as blood-corpuscles, we may 
readily accept the possibility that the nucleus is not an early, 
but rather a later, formation. This would agree with the state- 
ment of E. Brficke, concerning the formation of the nucleus in 
different other protoplasmic bodies. (See Fig. 30.) 

“ The specimen illustrated above admits of but one interpreta- 
tion, viz. : that in fowls the first formed blood-corpuscles, the 
hacmatoblasts, have no nuclei; whereas complete red blood- 



Fig. 30. — Oblique Section through the 
Border of Ossification of the Condyle 
OP Femur op a Young Chicken. 

The central medullary sjjace is surrounded hy the 
calcified frame, C, of the hyaliue cartilage, and in its mid- 
dle there ai'e several cluh-shaxied siiaoes containing 
hajmatohlasts, H. In the lowest space, B, tlie red hlood- 
corpu soles do not yet exhibit nuclei. Magnlf. 700 diam. 
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corpuscles have nuclei. The nucleus is evidently not a require- 
ment of juvenile red blood-corpuscles. 

“In full-grown birds such a new formation of blood-cor- 
puscles does not occur. In a pigeon nine months old, the layer 
of globular cartilage-corpuscles is directly bounded by bone- 
tissue, containing medullary spaces filled with fat. The blood- 
vessels of these spaces at their upper ends, looking toward the 
cartilage, are looped. The intermediate stage of ossification of the 
basis-substance and new formation of blood-vessels and haemato- 
blasts is absent. In still older animals, in which the layer of 
hyaline cartilage is much reduced in thickness, the upper ends of 
the medullary spaces toward the cartilage are closed by concentric 
systems of lamellaB of completely formed bone-tissue.’’ 

Hayem (see page 98) in 1877 described small shining lumps 
in the fluid of blood, more numerous in the foetus than in the 
adult, which he, I think justly, termed “ ha 3 matoblasts.” 

Eed blood-corpuscles are very early formations of the middle 
layer (mesoblast) of the embryo. Probably they originate in 
every part of the body wherever there is living matter, especially 
in aU varieties of that tissue which is exclusively supplied with 
blood-vessels, viz. : the connective tissue. Red blood-corpuscles 
are produced from lumps of living matter whenever, in the young, 
one variety of connective tissue is transformed into another — f. i., 
cartilage into bone. After the organism has reached full develop- 
ment, the production of colored blood-corpuscles continues in 
that variety of connective tissue which longer than any other 
remains in a juvenile condition, namely, the lymph-tissue. This 
tissue is present in large quantity in the body — the larger the 
younger the individual. It exists in all mucous layers, in the 
medulla of juvenile bone, in the lymph-ganglia, and in the spleen. 
Unfortunately, in consequence of former misapprehension of the 
nature and significance of this tissue, it bears the misnomer 
“adenoid tissue.’^ That this tissue is a source of red blood- 
corpuscles during the entire life-time, will be demonstrated in the 
next article. 

Experimental and Microscopical Studies on the Origin op the Blood- 
globules. By a. W. Johnstone, M. D., Danville, Ky.* 

The objects of this paper are to give the result of a repetition of Onimus’s 
experiments on the “ oi’igin of the white blood-corpuscles,” and to place on 
record an account of an undescribed method of development that is constantly 


“ Arcliives of Medicine,” vol. vi., August, 1881. 
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going on in the adenoid tissues. His conclusions are that the corpuscles have 
sprung up de novo from the blastema, and by analogy he argues that there is 
a spontaneous generation going on in serum wherever it is found. As given by 
Flint, these experiments on animals are as follows : The serum from quickly 
drawn blisters, after having been freed by filtration, etc., etc., from all its 
organized elements, is placed in bags of gold-beater’s skin. These sacks are 
then placed in the subcutaneous tissues of rabbits, and after a sojourn of two 
or three days their serum is found to contain a variable number of leucocytes. 
I have repeated these investigations, and in two directions have pushed them 
farther than their author ; that is, instead of the blastema, in the course 
of the experiments I used four different liquids, and in all cases, besides the 
fluids, I examined the gold-beater’s skin after its removal. 

In addition to the serum, I used a weak solution of chloride of sodium in 
water, a mixture of this with the white of an egg, and lastly the clear part of 
the egg alone. The animals used were cats ; the length of experiments from 
seventeen to fifty hours ; the thickness of the inclosing membranes was in 
most instances one, but in two cases two, layers of the gold-beater’s skin. In 
all cases I examined both membrane and blastema before the introduction to 
the cat, and thus made sure that no organisms were present. My results were 
that in every case, except where I used a varnished membrane, I found leu- 
cocytes in the blastema, and wherever they were found in the liquid, the 
walls of the inclosing bag were sure to be crowded with the same organisms. 

The only things that seemed to influence the number of the corpuscles 
were the condition of the containing membrane and the length of time the 
sack remained under the skin. If these conditions were the same, there were 
just as many corpuscles in the solution of chloride of sodium, or the egg mixt- 
ures, as there were in the serum. In the cases where the skin was doubled 
after a longer time than was ordinarily employed, a few corpuscles made their 
appearance in the blastema, a few were found in the inner layer of the bag, 
whilst the outer one contained a great many. 

From these facts we are forced to the conclusion that the corpuscles 
migi’ated through the walls of the bags, just as they do to the interior of the 
catgut ligatures that are left in similar conditions. 

This, however, is only a negative kind of proof, and for something positive 
I will ask the reader’s attention to my recent study of the so-called adenoid 
tissue. 

It is not necessary here for me to give the histology of the organs that 
contain this tissue, and to repeat that in the lymph-ganglia it is arranged into 
lymph follicles, lymph cords, and interfollicular strings ; in the alimentary 
canal into follicles such as are contained by the tonsil, base of the tongue, 
pharynx, stomach, solitary glands, Peyer’s patches, etc. ; in the spleen into 
the ensheathing coats of the arteries, and the so-called Malpighian corpuscles, 
etc. But for our purpose, all that we need to know is that, wherever this 
tissue may be, there is a stream of fluid coming into it on one side, which, 
after working its way through the sponge-like mass, passes out on the other, 
and eventually empties into the blood. 

The two questions to which we will now address ourselves are : Whence 
comes and what is the function of the “adenoid” tissue. 

All histologists agree that in the animal kingdom we find but four 
varieties of connective tissue, and that they are the myxomatous, the fibrous, 
the cartilaginous, and the osseous. The myxomatous connective tissue is met 
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Avith almost exclusively in the earliest stages of development of the embryonal 
connective tissue, and in transient fmtal organs, such as the umbilical cord 
and placenta. This tissue appears in two varieties : first, in the shape of a 
protoplasmic reticulum of greatly varying size, with nuclei at its points of 
intersection, the meshes of which hold the jelly-like mucoid basis-substance 
(umbilical cord). In the centers of the meshes, globular and appai’ently 
isolated bodies are seen. The other form consists of a delicate fibrous 
reticulum, having oblong nuclei at the points of intersection, the meshes 
being filled with single protoplasmic bodies (so-called “ decidua cells” of the 
placenta), or with a mucoid basis-substance with scanty bodies (derma and 
mucosa of the embryo in the earliest stages). 

Recent researches liave proved that this mucoid basis-substance is not a 
structureless mass, but that it is pierced by a living reticulum, which is 
continuous with a smaller net-work pervading all protoplasmic formations. 
As the fibroixs reticulum of myxomatous tissue is a protoplasmic formation, 
its fibers, too, contain a fine reticulum of living matter, which is also con- 
tinuous with the fine reticulum of its neighbors. So the basis-substance, in 
either its mucoid or fibrous variety, differs from protoplasm only by a chemi- 
cally altered substance within the meshes. This substance in the protoplasm 
is a liquid, in the basis-substance a semi-solid, though not strictly glue- 
yielding mass. 

As has been known for a long time, comparatively low powers, when 
brought to bear on the adenoid tissue, demonstrate the presence of a delicate 
fibrous reticulum, which at the points of intersection is generally slightly 
thickened and flattened so as to present a plate-like appearance. 

These intersections are sometimes provided with nuclei, and the meshes 
of the net-work are always filled with lymph-corpuscles. Although these cor- 
puscles are so closely packed that they often flatten each other, still each one 
is generally separated from its neighbors by a narrow, light substance which 
is probably liquid. 

Unless the lymph-corpuscles be torn apart by mechanical injuries, such as 
cutting, washing, etc., etc. , they are all connected with each other by ex- 
tremely delicate, gi’ayish spokes, which traverse the intermediate substance 
in all directions. A like connection always exists between the lymph- 
corpuscles and the fibrous reticulum nearest to them. 

Most authors claim that this fibrous reticulum of the adenoid tissue is 
structureless, and exhibits nuclei only at its points of intersection. This 
assertion must be based on Canada balsam specimens, for it makes all minute 
details fade away. My own specimens, cut from fresh lymph-ganglia, or such 
as had been preserved in a dilute solution of chromic acid, show a well- 
marked net-work in the fibrous retieukim, both in the unstained and in the 
carmine specimens. 

While we are on this subject of the preparation of specimens, let me say, 
once for all, that if we hope to see the minute structure of this tissue, our sec- 
tions must be cut from fresh or from chromic acid preparations, for alcohol or 
water destroys the details. If stained at all, it should be done with carmine, 
or, what is better, the one-half per cent, of chloride of gold. This last-named 
agent has a peculiar faculty for taking hold of the living matter of the most 
minute organisms and making it stand out in a very satisfactory manner. 
Lastly, I would state that glycerine seems to be the only mounting substance 
now known that will preserve tissues absolutely unchanged. 
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Eeasoning by analogy, it seems that we are forced to conclude that 
adenoid tissue is myxomatous, and therefore a remnant of foetal tissue. We 
know that the myxomatous tissue is abundant in the embryo, and relatively 
scarce in the fully developed foetus. In the adult, the vitreous body was 
considered the only remnant of embryonal myxomatous tissue. To this, 
however, we should add the adenoid, and thus answer our first question. 

To get a better idea of this tissue, let us turn to its most minute anatomy, 
and for the present we will confine our attention to its frame-work. As I 



R, reticuhiin, exliibitlng in Its interior a delicate reticulmii of living matter ; 

G, grannies of living matter arising from the growth of the intersections of the contained 
reticnlnm ; V, grannies grown into vaouoled corpnsclcs and intermediate stages of develop- 
ment ; L, full- grown nncleated lymph-corpuscles: M, mesh of the myxomatous net-work, 
filled with Ijmiph-oorpnscles of all stages of develoijment. Magnified 1200 diameters. 


have already said, in the frame-work, which looks perfectly homogeneous 
under a 500, with a 1200 (immersion) we can readily recognize a delicate 
reticulum piercing nearly all its fibers and plates. In some places, even 
without the use of a staining re-agent, this net-work is just as plain as in the 
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corpuscles themselves, the only difference being that its meshes are a little 
wider than those in the globule. But the point to which I wish to draw 
particular attention is that the granules, at the points of intersection, vary 
very much in size. Sometimes, whore they are seen along the edges of broad 
fibers, or in the centers of very fine ones, they give it a beaded appearance. 
At others they are so small that they are just barely appreciable. This 
inequality in size is most probably due to a growth that is constantly going 
on in these gTanules, and our finding different ones at different stages of it. 
(See Fig. 31.) 

This process does not stop where the lump of living matter can be called a 
gi’anule, but it keeps on until it has converted it into what is known as a 
corpuscle. This is accomplished by the smaller granule increasing until it 
has become so large that the fiber can no longer contain it without showing 
a slight bulging at the point where the granule lies. This is what gives the 
beaded appearance just referred to. But as the bead still grows, it protrudes 
more and more from the free surface of the fiber, until it has the appearance 
of a small homogeneous yellowish corpuscle sticking to the side of the fiber. 
The corpuscle is not separated from the fiber in this immature state, but 
retains a connection in the shape of very delicate grayish spoke-like threads, 
that can be traced directly to the granules within tlie fiber. This connection 
is constant in all the different-sized corpuscles, except the very largest, and 
in all probability is the route through which the corpuscle draws its nouifish- 
ment. We can see no differences in these growing corpuscles until they are 
about three-quarters the size of a red blood-globule. Then, however, they 
seem to be divided into two classes. Whether there are two sets of fibers 
that produce the different corpuscles, or how else it is done, is more than I 
can say; but I am sure that, at the stage I have indicated, one set become 
more highly refracting than the other, and take more and more of the char- 
acteristics of a red blood-globule, which they eventually become. The others, 
however, follow the course that C. Heitzmann has described, as the ele- 
mentary homogeneous granule takes in its development into a higher grade 
of protoplasm. After they reach the size I have already spoken of, a cavity 
containing a small amount of liquid forms, then similar excavations show 
themselves, until only a frame-work of the living matter is left between the 
vacuoles. There are communications established between these cavities, and 
the frame-work is transformed into a net-work with thickened points of 
intersection, which are the granules. 

With this view of the development of protoplasm we are better able to 
understand the meaning of the vacuoled corpuscles that we so often meet 
with. But the different sizes of the corpuscles, the different numbers of their 
granules, and the varying conditions of their nuclei and reticula, speak for 
themselves. They are the different stages through which an original granule 
of the fine reticulum contained by the fibrous net-work is developed into a 
full-gi’own lymph-corpuscle. 

This is further substantiated by the fact that the connection, already 
described, between the granule that has just passed to the outside of the fiber 
and the reticulum within it, is kept up through all sizes and shapes of coi'- 
puscles, until the full-gi’own condition is reached. Then, however, this attach- 
ment is severed, and the globule passes away with the lymph stream in which 
it has been bathed so long. This is true of both sets of corpuscles, and can be 
shown as well in the young red as in the white. Thus we add a new proof 
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to the old idea that a red globule is nothing but a mass of protoplasm contain- 
ing hsemoglobine within its meshes ; for the elaboration of this subject I refer 
to the researches of L. Elsberg. 

The organs that I have used in these investigations are the lymphatic 
ganglia of man, horse, and cat, the spleen of man and eat, as well as the tonsil 
and thymus gland of childi’en. The characteristics of the adenoid tissue were 
found to be the same in all, the principal differences being in the proportion 
of red to white globules. In the tonsil and lymphatic ganglia, the red are 
very scanty, though they can be found in most fields ; but in tlie spleen they 
are far more frequent. In this organ, like the rest, the corpuscles are formed 
by the development of the granules of the net-work within the frame, and not 
by budding of the endothelial plates, as claimed by some. We are now ready 
to give tlie reason for the lymph of the efferent vessels containing so many 
more corpuscles than that of the afferent, as well as to say where the few red 
globules that are found in the lymph of the thoracic duct come from. The 
lymph stream, as it passes through each successive ganglion, carries along an 
increased number of the fully grown elements that have become detached 
from the parent fiber, and eventually empties them into this duct, through 
which they reach the blood. 

In answering these questions, we are also giving the function of the ade- 
noid tissue, which is to produce the corpuscular elements of the blood. 

It has been known for a long time that as age advances the adenoid tissue 
becomes more .and more scarce, and that the mucous layers and other organs 
that were once so rich in it, at extreme old age jwesent scarcely a trace. In 
reality, the thymus gland may be taken as the type of the whole class. For 
while their degejiera'tion is by no means so rapid, still they all show a tendency 
to follow its example. This is most strikingly shown in the history of Peyer’s 
patches, as has been brought out by the study of typhoid fever. From this 
we would conclude that a young animal is the best subject for the study of the 
adenoid tissue. This I can testify is the case, for as age advances the gran- 
ules of the reticulum within the fibers become more scanty, and the retic- 
ulum itself is by no means so rich as in the early days of life. Shouldit ever 
be conclusively proved that the white blood-corpuscles share in the formation 
or repair of the structures of the body, we would then have the complete 
chain of their history ; for we are now sure that they represent only one stage 
of a development that is going on as long as life lasts, and I am not inclined 
to believe that this stage is the highest of the series. 

The conclusions that I have drawn from these studies are : 

1 st. We must have more and better proof before we can believe that a 
lymph-corpuscle ever arises from a blastema. 

2d. That both red and white blood-corpuscles are developed from the gran- 
ules of the reticulum of living matter within the libers of all adenoid tissues. 

3d. That in different organs there is a difference in the proportion of red 
to white globules that are produced. 

4th. That the adenoid tissue is myxomatous, and, properly speaking, a 
remnant of foetal life. 

.5th. That this tissue is stored-up material, from which the blood-corpuscles 
are made throughout life. 

6th. That it is highly probable that the exhaustion of this material plays 
an important part in senile atrophy, and the other torpid conditions of the 
aged. 


VI. 


TISSUES IN UENERAL. 

Origin, Definition, and Division of Tissues. 


O RIGrIN. All complex organisms, the higher developed ani- 
mals, originate from an ovum of the female impregnated by 
the admixture of spermatozoids of the male. The ovum, 
inclosed by a hyaline layer (zona pelliicida of Von Baer), is 
composed of living matter in reticular arrangement (the germ of 
Remak), which contains a nucleus-like body, the vesicula germ- 
inativa, with a varying number of coarser granules, the nucleoli, 
the macula germinativie. In mammals and some amphibia, 
the germ, in toto, is transformed into the animal, whereas in the 
eggs of birds, scaly amphibia, and osseous fishes, a portion of the 
germ is changed to yolk, which serves as a pabulum. 

After the spermatozoids have entered the germ — viz. : after 
fructifieation has taken place — its living matter increases rapidly, 
the vesicula germinativa disappears, and the germ, by a process 
of division, splits at first into two portions, separated from each 
other by a light narrow rim, but connected by extremely delicate 
filaments, which traverse the light rim. Each half of the germ 
sphts into a number of lumps, which, in the same manner as the 
first half, remain eonnected ; thus the segmentation of the ovum 
results in the formation of numerous corpuscles, whieh by col- 
lecting in a flat layer represent the germinal disk of Pander, in 
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the germ of the impregnated egg of the chicken. The segmenta- 
tion was first observed by Prevost and Dumas (1824) in the ovum 
of frog ; by Coste (1848) in the ovum of fowls ; and by Bischoff 
(1842) in the ovum of mammals. According to this last-named 
observer, the subdivision into smaller elements in the rabbit’s 
germ does not go on uniformly throughout its whole extent, 
inasmuch as in the germ a cavity is formed, around which the 
elements of segmentation accumulate, in order to build up the 
germ-membrane proper, with a slightly thickened spot, the 
germ-hill of Von Baer. 

The first differentiation of the germ-disk, or the germ- 
membrane, consists in the formation of layers, of which at first 
two, shortly afterward three, are recognizable. The formation 
of such layers became known first through the researches of 
Caspar Friedrich Wolff (1768), who claimed that the whole 
system of the intestines is developed from simple laniinge. 
Pander, in 1817, perfected the theories of Wolff ; he knew that 
after hatching had continued for twenty-four hours, three easily 
separable layers could be found in the germ-membrane. Von 
Baer, in 1822, described four layers, of which the two upper he 
termed the animal, the two lower ones the vegetative. Remak, 
in 1855, maintained that the germ-membrane of the impregnated 
but unhatched egg consists of two layers, and xipon hatching 
the lower is again split into two layers, the lower of which 
lines the one above it like an epithelial cover. Having ascer- 
tained the individuality of each of these three layers, he 
endeavored to find out their relation to the developing organs ; 
he called the upper layer the horny or sensorial; the middle 
layer the motorial and germinative ; the under layer intestinal 
and glandular. According to S. Strieker’s researches (1860- 
1870), the original under layer of Remak consists — at least above 
the germ-cavity, and before the middle layer has made its appear- 
ance — of only a single stratum of fiattened cells, and the 
formation of the middle layer is due to the immigration between 
the two layers of new ceRs. He termed the upper layer of 
Remak the combined horny and nervous layer, as he found that 
in batrachia the horny layer is quite distinct from the nervous 
layer, the former being uniformly thin ; the latter, on the con- 
trary, thickened even in the earliest stages in that part where 
later the brain is formed. He is unable to confirm, despite of 
Remak’s positive assertions, that nervous elements are also 
developed from the middle layer. 
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Strieker (“ Manual of Histology,” American edition, 1872), in speaking of 
the development of the fowl’s germ, says: “The cells of the under layer 
change their form and arrangement during the first hours of incubation. 
They become flattened, and, when seen in transverse section, appear spindle- 
shaped. Hence, after incubation has gone on for a few hours, we can ascer- 
tain, beyond even the shadow of a doubt, that there are two and only two 
layers. . . . The under layer, immediately after its separation from the 

subdivided germ, consisted in some places of a single thickness of cells, 
while in other places, in a transverse section, small heaps of cells could be 
recognized projecting from the layer. . . . Peremeschko, however, has 

made the communication that the large granular cells lying on the bottom of 
the germ-cavity increase very considerably in numbers during the first hours of 
incubation. Now, since with this increase in numbers there is not at the same 
time a corresponding diminution in size, it is very natural to suppose that the 
cells which project from the under germ-layer fall to the bottom of the cavity. 
This supposition appears all the more probable when we recall the fact that 
some of the elements of segmentation which are situated in the lower portion 
of the germ, remain lying at the bottom of the cavity at the time when the 
germ, in the production of this very cavity, separates itself from the subjacent 
parts. . . .We are led to conjecture that the process is one of trans- 
location; that the granular bodies, which before lay at the bottom of the 
cavity, have found their way to the space between the two first germ-layers.” 
Strieker, based upon Oellacher’s researches, says that similar relations are 
also found in the troiit’s germ. 

At present, investigators agree that the body of vertebrates is 
at first a flat sheet, consisting of three main layers, for the desig- 
nation of which the following names have been proposed : Exo- 
derma, Mesoderma, and Entoderma, or, preferably, epihlast, the 
upper layer ; mesoblast, the middle layer; and ]ii/2)ohlast, the under 
layer. Of these, the epiblast and hypoblast are very thin, composed 
of but one layer of plastids, whereas the mesoblast is a bulky 
heap of plastids, aU of which are interconnected and represent the 
main mass of the future organism. As the originally flat sheet 
of the germ becomes curved downward, so that the two lateral 
halves are bent toward the median line, where they grow to- 
gether, cavities are formed in the interior of the germ, which are 
lined by the under layer and its derivatives. The horny layer 
furnishes the external covering of the body and the lining of the 
external glands, while the under layer provides the lining of the 
intestinal cavity and its glandular organs. Linings of this descrip- 
tion are called “ epithelia,” and it follows that the epiblast and 
hypoblast give rise to all epithelia, viz. : the epiblast to those of 
the skill and its epithelial formations (including the crystalline 
lens) ; the hypoblast to those of the intestines and their glandu- 
lar elongations and accumulations. The main bulk of the body 
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is a product of tlie mesoblast; from it proceed the tissues termed 
connective tissue, which alone contains blood and lymph-vessels, 
mus(des, and nerves, the latter arising from the uppermost portions 
of the mesoblast. 

Definition. In comparing the earliest formations of the germ 
with a single plastid formerly called a uni-cellular organism’^ 
or a protoplasmic body,” such as the amoeba, valuable hints 
may be obtained as to the significance of the three germinal 
layers. The amoeba is covered by an extremely thin layer of 
living matter. If the amoeba be flattened out and bent, its cover 
will represent the upper and under thin layer of the germ, which 
exclusively serves as an investing layer of both the outer surface 
and all cavities of the body, being directly or indirectly con- 
nected with the outer world. The main bulk of the amoeba is 
living matter in reticular arrangement, with thickened points of 
intersection of the threads of the net-work; this matter, retaining 
in the mesoblast and its derivations its reticular shape, furnishes 
in higher organisms the tissues, as a result of a sort of division 
of labor. The nature of the tissues is determined, first, by the 
manner in which the living matter is distributed, and, secondly, 
by the chemical changes of the fluid contained in the meshes of 
the reticulum. 

Tissues are complex formations of living matter in a net- work 
arrangement. The meshes of the net- work contain a liquid which 
allows the living matter to exhibit contractility in a high degree, 
as in muscles and nerves, or the net- work contains a more or less 
solidified basis-substance, which limits its contractility, as in the 
connective tissue. The latter, on account of the presence of this 
basis-substance, mainly serves as a support for the more active 
tissues (muscles and nerves), and as a carrier of liquids in closed 
spaces. 

Division. According to this view there are but four element- 
ary tissues in the animal body. All these are interconnected 
and built upon one and the same plan. 

1. Connective tissue. In this the reticulum of living matter con- 
tains in its meshes a more or less solid, nitrogenous (glue-yield- 
ing) basis-substance ; while points of intersection rich in living 
matter, suspended in a liquid, represent the connective tissue 
corpuscles. Of all tissues only the connective tissue carries in 
closed vessels the liquids which serve for nutrition, such as blood 
and lymph. Aside from this, and acting as support for other 
tissues, its physiological activity is relatively small. 
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2. 2[uscle tissue. Tlie reticulum of living matter at its points of 
intersection consists of more or less regularly distributed large 
prismatic, cylindrical, or granular thickenings (sarcous elements), 
connected by thin filaments, while the meshes contain a liquid 
which admits of powerful contractions of the living matter in large 
territories. This tissue is the motor apparatus proper. It is 
accompanied by and attached to connective tissue, carrying 
the vessels. 

3. Nerve tissue. Here the living matter is arranged in the 
shape of either a very delicate reticnlum, with very small points of 
intersection (ganglionic corpuscles, gray matter), or delicate solid 
cords (axis-cylinders), while the meshes contain a, liquid which 
allows the living matter in limited territories to contract rapidly. 
This tissne serves as an apparatus of sense-impression, intellect, 
and sensory and motor condnction. It is largely accompanied 
by and mixed with connective tissue, carrjfing blood-vessels. 

4. EpitheUal tissue. The reticulum of living matter is very 
delicate, and arranged in flat layers, which at certain regular in- 
tervals eontain a horny cement substance. The function of epi- 
thelial tissue is to eover the surface and the cavities of the body ; it 
alone serves as apparatus of secretion, and for the formation of 
the essential parts of reproduction — spermatozoids and ovum. 


The Relation op Living Matter to the Interstitial 
Substance. 

This article is translated from a publication in Gremian made 
in 1873,* with some unimportant statements omitted. 

In my studies of bone and cartilage, t I have demonstrated 
that the cartilage-corpnscles send numerous offshoots into the 
basis-substance termed “ hyaline,” and that these offshoots freely 
anastomose and connect the “cells” with one another. The 
material was furnished by fresh living hyaline cartilage, silver- 
tinction, gold-tinction, normal calcification of cartilage, and 
infiammatory calcification after simnltaneously wounding car- 
tilage and bone. 

The deposition of lime-salts in hyaline cartilage, in conse- 

* “ Untersuclmiigen iiber das Protoplasma. II. Das Verbaltiiiss zwisehen 
Protoplasma und Grrmidsubstanz im Thierkorper.” Sitzuiigsber. der Akademie 
d. Wissenscli. in Wien. Mai, 1873. 

t '' Studien am Knochen nnd Knorpel.” Med. Jahrbiiclier, 1872. 
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queiice of inflammatioii, especially served for bringing to view a 
delicate reticnlnin in the basis-snbstance, as sncb a deposition 
took place in the chondrogenons substance, while the protoplas- 
mic bodies and their offshoots remained nnchanged. This reticn- 
luni corresponded with the light (negative) figures obtained by 
treatment with nitrate of silver and with the violet (positive) 
figures after gold- tin ction. 

I wish to add a few more observations concerning the life and 
the structure of cartilage-corpuscles. 

If we examine a thin section from the condyle of femur of a 
middle-sized rabbit, in a one-half per cent, solution of chloride of 
sodium, or a little serum of blood, with high amplifications, we will 
see in many cartilage-corpuscles a structure identical with that I 
have described in colorless blood-corpuscles of man. The nnelens, 
if visible, appears either homogeneous or constructed of a dense 
retienlnm of a shining substance, — the living matter, — and in- 
closed by a continuous layer of the same substance. The nucleus 
sends delicate conical filaments into the retienlnm of the coi*- 
pnscle, and the points of intersection of this reticulum are thick- 
enings, grannies, or lumps of living matter. In the narrow 
light rim between the protoplasm and the basis-snbstance we 
also see delicate spokes emanating from the cartilage-corpuscles, 
which are lost to sight in the finely granular but in some places 
distinctly reticular basis-snbstance. 

If we heat a fresh specimen to 30-35 degrees C. (86-91 degrees 
F.), we can observe in cartilage-corpuscles having a reticular 
structure a continuous though very slow change in the configu- 
ration of the living matter. Points of intersection flow together 
into homogeneous lumps ; the latter again are differentiated into 
a reticulum, and such change continues until r^st of the living- 
matter occurs — these changes in the retienlnm not noticeably 
altering, however, the general shape of the corpuscle. 

A direct proof is thus obtained that cartilage-corpuscles are 
alive, which was made probable by E. Heidenhain and A. Rollett 
by observations of cartilage-corpuscles of the frog and newt on 
the application of induced electricity. 

A one-half per c(mt. solution of chloride of gold is a suitable 
re- agent for plainly bringing to view the structure of cartilage- 
corpuscles,* and for this purpose a slight tinction is sufficient. 
(See Fig. 32.) 

* Method of J. Cohnheim. “ Ueher die Endigung der sensihlen Nerven 
in der Hornhaut.” Virchow’s Arehiv, ‘38. Bd. 18G7. 
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To these observations in cartilage I add a series of researches 
in different other tissues of the body. 

Medullary tissue. The medulla between the trabecnla3 of a 
shaft-bone of a newly born pnp consists of lumps of protoplasm, 
which are imbedded in a homogeneous basis- substance. These 
lumps vary greatly in their aspect. However the corpuscle may 
look, invariably spokes emanate from it which pierce the sur- 
rounding light zone radiatingly, and are visible with high ampli- 
fication only. Where the lumps are near each other, the spokes 
directly connect them ; if, on the contrary, the lumps are 
separated from each other by broad layers of basis-substance, the 
spokes of a lump enter the latter, and in most instances disap- 
pear. (See Fig. 33.) 

The elements of the medulla termed osteoblasts ” by Gegen- 
banr* exhibit the same features both in the medullary spaces of 



Fig. 32. — Cartilage Corpuscles prom the Condyle op Femur op a 
New-born Pup. [Published in 1873.] 

Clironiic acid specimen slightly stained with chloride of gold. Cl corpuscle with one 
compact, vacuoled nucleus ; C*, with a pale heap of granules above it ; Cs, with two nuclei and 
.several heaps of granules. Magnified 1000 diameters. 


newly born pups, close to the bony trabeculae, and in the vascular 
canals of shaft-bones of older animals. 

Where the elements lie close to the bone- wall, they are sepa- 
rated from the latter by a light rim, and the filaments, springing 

* Jenaische Zeitschr. f. Mediz. und Naturwissensch. I. Band. 18G4. This 
observer knew already delicate offshoots, like cilia, emanating from osteo- 
blasts. 
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from the mednllary corpuscles, pass tlirough the rim into the hasis- 
suhstance. Where the medullary corpuscles are near the border 
of a vessel, their offshoots traverse the light, perivascular rim 
and inosculate with the wall of the blood-vessel. * 

Upon slight gold tinction of chromic acid specimens previously 
exposed to water, the spokes exhibit a distinct violet color. The 
longer the solution of gold acts, the more distinct will be a differ- 
entiation in the basis-substance. The protoplasmic lumps at last 
appear as dark violet, densely reticidar corpuscles with numerous 



Fig. 33. — Medullary Tissue prom a Longitudinal Section op the 
Femur op a New-born Pup. Chromic Acid Specimen. [Published 
IN 1873.] 

B, Ijoiif-coi'puscle ; pi, vacuoled i)lastl(I ; 1^, I'eticiilai' micloated plastid ; M, appaieiitly striict- 
meless basis-suLstance ; C, capillaiy idood-vessel. Magnilied 800 diameters. 


delicate radiating spokes, which blend with a partly coarse, partly 
delicate, reticulum. (See Fig. 34.) 

* Confr. “Ueber die Riick- iind Neubildimg von Blutgefiissen im Knochen 
und Knorpel.” Med. Jabi'biicher, 1873. 
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The basis-substance is traversed by a reticulum which has for 
points of intersection of its threads coarser and finer granules. 
By tracing the action of the gold solution, we can satisfy ourselves 
that the densest reticulum with the smallest mesh-spaces belongs 
to the yellowish, shining medullary elements, and the larger 
violet lumps are either homogeneous nuclei or nucleoli. The 
most delicate reticulum with smallest granules as points of inter- 
section, and the largest mesh-spaces, corresponds to those places 



\ 

Fig. 34 . — Medullary Tissue from a Longitudinal Section of the 
Femur of a New-born Pup. The Bone-tissue Decalcified by 
Chromic Acid, and the Specimen Intensely Stained with a Solu- 
tion OF Chloride of Gold. [Published in 1873 .] 

BB , bone-corpuscles ; P , partly vacuolcd, partly reticular plastids ; i)/, the basis-substance 
exhibiting a reticular structure. Magnilied 800 diameters. 

of the medullary tissue which, in the unstained condition of the 
specimen, appeared as an apparently homogeneous and structure- 
less basis-substance. 
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Tissue of the Umhilical Cord. Longitudinal sections of the 
human umhilical cord, hardened in a chromic acid solution, 
exhibit, as is well known, a striated or fibrous structure. The 
fibers are densest at the periphery of the cord and around the 
blood-vessels, and these layers are interconnected by a relatively 
coarse reticulum of fibers, the meshes of which contain a homo- 
geneous substance. In the fibrous layers we meet with large, 
nucleated, freely branching protoplasmic masses, also with 
smaller, spindle-shaped bodies, and with very small protoplasmic 
cords and lumps, devoid of nuclei. In the mesh-spaces, traversed 
by a few fibers which the cutting has partly torn, we encounter 
apparently isolated globular corpuscles, having one or several 
nuclei, but no offshoots.* The amount of living matter in the 
protoplasmic bodies is variable. We find compact lumps char- 
acterized by a nearly homogeneous structure, considerable luster, 
and yellow color; furthermore, coarsely and finely granular 
corpuscles, with either homogeneous, shining, or finely granular 
pale nuclei, some containing nucleoli; lastly, very pale, deli- 
cately granular bodies destitute of both nuclei and a marked 
boundary line toward the basis-substance. The periphery of all 
these corpuscles, while they are in connection with the tissue, 
looks more or less scalloped or thorny, and the same is the case 
with their nuclei. 

Upon rubbing a fresh umbihcal cord with a stick of nitrate of 
silver, and exposing the specimen, kept in water, to the daylight, 
it will soon become brown, t 

Longitudinal sections of an umbilical cord colored in this 
way exhibit, even with lower amplifications, numerous many- 
shaped light and colorless fields in the brown basis-substance. 
High amplifications demonstrate that the light fields in different 
directions send branches into the basis-substance, | and that from 

* For reference: End. Virchow’s “ CelMarpathologie,” 4 Aufl., 1871. 
Weisman, “Zeitschrift fiir rat. Mediz.” 3 Eeihe, Bd. xi., 1861. K. Koster, 
“Ueber die feinere Structur der menschl. Nabelschnur,” Wiirzburg, 1868. 
Koster found the globular corpuscles in the mesh-spaces, and the spindle- 
shaped cells near the spaces without fibrils, to be amoeboid. 

t Method of F. von Recklinghausen (“Die Lymphgefasse und ihre Bezie- 
hung zum Bindegewebe.” Berlin, 1862). Specimens containing black, 
granular precipitations I consider as useless. The features described can bo 
observed only when the basis-substance is stained light or dark brown, and 
the fields corresponding to the protoplasmic bodies are colorless. 

t Koster (1. c.), by means of the silver tinction, brought to view the larger 
light fields only. 
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all these light fields and their offshoots a delicate varicose 
retienlnm starts, which traverses the whole of the brown basis- 
snbstance. (See Fig. 35.) 

Shght gold tinction shows that the violet nncleated bodies 
and their coarser offshoots correspond, both in size and shape, 
with the large light fields brought to view by nitrate of silver. 
In specimens deeply stained with chloride of gold, we observe 
that, from each dark violet corpuscle and its offshoots, numerous 



Fig. 35 .— Longitudinal Section from the Cortical Portion of the 
Human Umbilical Cord, Stained with Nitrate op Silver. [Pub- 
lished IN 1873 .] 

,V ami B, larger ami smaller light, spaces traversing the brown basis-suhstance, which every- 
where is ijierced by a delicate light reticnlinn. Magiiitied 800 diameters. 


very delicate dark violet filaments proceed, penetrating a vari- 
cose granular net- work. The latter traverses the basis-substance 
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in a direction mainly vertical to that of the fibers. Even a single 
fiber can be seen to be composed of alternating light violet and 
dark violet portions. (See Fig. 36.) 



Fig. 36 . — Longitudinal Section from the Cortical Portion of the 
Human Umbilical Cord, Intensely Stained with Chloride of 
Gold. [Published in 1873 .] 

P, tlie plastids (i)rotoi)lasinic bodio.s) with nuclei; S, snuiller spindle-shaped plastids, 
composing the hasis-suhstanoe ; F, toni fibiilla, with an alternating light and dark stain. 
Magnified 800 diameters. 

Nnmerons torn fibers originate from bipolar nucleated lumps, 
and each fiber appears to be pierced by a dark violet reticulum. 

Tissue of Tendon. Similar features are found in the tendon. 
On rubbing the silver stick over the tendon Achillis of a freshly 
killed dog several years old, or of a grown rabbit, exposed to 
daylight, the brown tinction will appear after a while. ' 

With lower powers we. recognize in longitudinal sections of a 
tendon-bundle numerous narrow, spindle-shaped light fields. 
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the dark-brown border of which is vertically perforated by light 
lines, while the surronnding basis-substance looks uniformly 
brown and homogeneous.* Toward the periphery, the light 
fields are larger and often longitudinally forked; in the peri- 
tendinous tissue they are very numerous, many-shaped, and 
separated by narrow, brown fields, or streaks of the basis- 
substance. 

High amplification shows that from the periphery of the light 
fields and their offshoots delicate light lines arise in a vertical 
direction, which blend with a varicose reticulum throughout the 
basis-substance, and thus connect each larger uncolored field 
with its neighbors. (See Fig. 37.) 



Fig. 37. — Longitudinal Section of the Tendo Achillis of a G-rown 
Dog, Stained with Nitrate of Silver. [Published in 1873.] 


&'>, light hraiichiug fleUI, with a pale, dim uneleus ; S\ offshoot of a light tield in tho 
middle of hasis-siihstance ; bifurcation inclosing a narrow peg of basls-.stibstance ; B, dai-k 
brown basis-snbstance pierci'd by a mostly rectangular light rc'ticulnm. Magnitied 800 
ffiameters. 

Slight gold tinction reveals the identity of the pale violet 
bodies with the protoplasmic corpuscles seen in chromic acid 
specimens ; they are identical, as regards their shape, also, with 
the negative fields obtained by silver tinction. t After intense 
gold-stain, the striated basis-substance looks pale violet. There 

* V. Eeckliiighaiisen (1. e.) also has observed anastomosing light fields in 
the silver-stained tendon. 

t In this respect I concur with Giulio Bizzozero (Rendiconti del R. Isti- 
tuto lomh. delle scienze, 1869) and Paul Giiterbock (Centralblatt fiir die 
Med. Wissensch., 1870). 
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are dark violet, in part hraiicliing bodies in it, which send dark 
violet filaments into the basis-substance, mainly at right angles. 
Where the tendinous tissue is torn into bundles or single fibers, 
we easily recognize the dark violet reticidnm, and in each single 
fiber the pale violet basis-substance contains, at irregular 
intervals, dark violet grannies. On the border of some fibrous 
bundles small scallops protrude. The cross-section of a small 
bundle shows two kinds of formations : one granular, partly 
branching, dark violet; the other, homogeneous, colorless, or 
pale violet. (See Fig. 38.) 

Tissue of the Periosteum. In chromic acid specimens of the 
periosteum of shaft-bones of grown dogs and cats, the light 



Fig. 38. — Longitudinal Section of the Tendo Achillis of a Grown 


Dog, Deeply Stained with Chloride of Gold. [Published in 
1873.] 

1\ tlie Ijraiicliiug teiulon-corinisclcs, -with liglit nuclei ; S, bundle with distinct rectangular 
dark violet filaments ; F, single dotted fibrillm ; TS, transverse section ol a bundle. Magnified 
800 diameters. 

basis-substance, partly striated, is composed either of rhomboidal 
plates or of broad ribbons, which may exhibit a mosaic of 
rhombs. These formations are intermixed and interlaced in a 
vertical or oblique direction. 

The variety of basis-substance consisting of broad ribbons is 
met with, as a rule, on the surface of the bone,* while the other 

* The protoplasmic layer between periosteum and bone, which Th. Billroth 
(Archiv fiir Klinische Chirurgie, Bd. vi.) has termed ‘‘cambium,” exists in 
juvenile animals only. 
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varieties prevail at the periphery of the periosteum, blending 
with neighboring tissnes. The ribbons are separated from each 
other in a longitudinal direction by straight so-called elastic 
fibers, which render each ribbon rhomb-shaped. At the corners of 
the rhomb, the elastic fibers anastomose with each other in acute 
angles. A broad ribbon is not infrequently subdivided by elastic 
fibers into smaller rhombs. 



Fig. 39. — Longitudinal Section of the Periosteum of the Femur of 
A Grown Dog, Stained with Nitrate of Silver. [Published in 
1873.] 

C, liglit spaces corresponding to the plastuls, all ol wliicli are interconnected; MT, sniootli 
ninscle liBers of an artery ill transverse section; ML, tlie same in longitudinal section; E, 
endotlicliuni. Magnified 800 diameters. 

The protoplasmic bodies are spindle-shaped in the striated, 
rhomboidal in the rhomb-shaped, and oblong in the ribboned 
basis-substance. In the interstices between the layers similar 
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corpuscles are imbedded. Properties common to all of these 
corpuscles are : they lie iu cavities of the basis-substance, their 
periphery is scalloped, and they are possessed mostly of one 
nucleus. The nucleus and nucleoli look exactly like those of 
colorless blood-corpuscles. 

In the basis-substance, stained brown by nitrate of silver^ 
light fields of varying shape appear, which behave like those of 
the umbilical cord and the tendon. Here, too, the basis-substance 
is traversed by branching lines, which interconnect the large light 
fields. (See Fig. 39.) 

Slight gold tinction of the periosteum brings to view deli- 
cate radiating scallops at the periphery of the corpuscles, and 

delicate vertical filaments in the 
interstices between the rhombs.. 
The shining elastic ledges are 
transversely striated, being 
pierced by violet filaments. Deep 
gold-stain shows a dark violet 
reticulum throughout the basis- 
substance, just as in other va- 
rieties of connective tissue. 

The perichondrium in all es- 
sentials is identical in its struct- 
ure with the periosteum. Where 
fibrous cartilage blends with peri- 
chondrium, as on the lateral sur- 
faces of the condyles of femurs 
of younger animals, the gold 
tinction evidences a dense re- 
ticulum of offshoots of the cor- 
puscles of fibrous cartilage. 

Tissue ofihone. The basis-sub- 
stance of juvenile bone is striated, 
that of older bone lamellated.. 
The lamelliu are plates separated 
from each other by a uon-calcified basis-substance, and each 
lamella is composed of fiat, oblong lenticular masses, which are 
curved according to the lamella and contain one central bone- 
corpuscle. 

In the earliest stages of inflammation of bone, the protoplasma 
swells so that, without any re-agent, numerous offshoots of the 
bone-corpuscles become visible, which freely anastomose and pro- 



Fig. 40. — Bone-corpuscle from a 


Purposely Wounded Scapula op 
Cat — Third Day op Inflamma- 
tion. Chromic Acid Specimen. 
[Published in 1872.] 

C, the nearly honiogeiieoiis plastui, witli 
numerous ramifying offshoots. Magnified 800 
diameters. 
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duce a delicate reticulum throughout the basis-suhstance. (See 
Fig. 40.) 

Blood-vessels. Fig. 39 represents an artery from the silver- 
stained periosteum of a grown dog, in which we recognize 
that the brown basis-substance of the adventitial connective 
tissue, the cement-substance between the spindle-shaped muscle 
fibers, and the cement-substance between the endothelia, are all 
traversed by light lines, which interconnect the light fields cor- 
responding to these formations. • 

Gold-stains bring to view, in the interstices between the single 
elements, conical filaments which connect all. The walls of capil- 
laries of the compact substance of shaft-bones are, by means of 
filaments, in direct connection with the neighboring corpuscles, 
both of medulla and bone. These filaments penetrate the space 
around the hollow protoplasm of the vessel, the perivascular 
lymph-space” of authors. 

Muscle-tissue. In continuous layers of synooth muscle.^ both in 
the fresh condition and after the gold stain, we see that from 
each spindle arise numerous spokes, which, after having pierced 
the surrounding cement-substance, inosculate with the neighbor- 
ing spindles. In such spindles, especially from the muscular 
wall of the blood-vessels of the umbilical cord, there is an accu- 
mulation of living matter which renders the corpuscle nearly 
homogeneous and highly refractive. In very shining spindles 
there are no nuclei. Wherever nuclei are seen, they are by 
means of conical spokes connected with the reticulum of living 
matter of the corpuscle. 

The examination of living striated muscle from the thigh of the 
water-beetle (Hydrophilus) or craw-fish (Astacus) shows that 
the distribution of the contractile or “ main ” substance varies 
greatly. In opposition to the conceptions of W. Krause,* Y. 
Hensen,t Th. W. Engelmann,| and others, I adopt the view of E. 
Briicke,§ viz., “that the sarcous elements do not exist as solid 
and unchangeable masses in the living muscle, but are groups of 
molecules arranged in columns of a varying configuration at the 

* “Ueber den Ban der quergestreiften Muskelt'asor.” Zeitscbrift f. rat. 
Medizin, 1868. 

t “ Ueber ein neues Strueturverbiiltniss der quergestreiften Muskelfaser.” 
Ai-beiten des Kieler physiolog. Institutes, 1868. 

t “ Mikroskopiscbe Untersuchungen liber die quergestreifte Muskelsnb- 
stanz.” Pfliiger’s Archiv, 1873. 

^ “Untersuchungen liber den Bau der Muskelfasern mit Hlilfe des polar. 
Lichtes.” Denkschriften d. Wiener Akademie d. Wissensch., Bd. xv. 
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moment of death.” I am nnable to see in the living, striated 
muscle anything else than in the living protoplasma in general — 
namely, granules and heaps of granules of living matter, the 
sarcous elements, and between these a non-contractile interstitial 
substance. 

Whatever form the distribution of the contractile substance 
may give rise to, we can prove that every granule and every 
sarcous element is in all directions connected with its neighbors 
by means of delicate gray filaments piercing the interstitial sub- 
stance in vertical and transverse directions. From each so-called 

muscle-nucleus,” and in case 
the nucleus is surrounded 
by protoplasm, from the lat- 
ter, emanate delicate conical 
threads, which, after having 
penetrated the narrow light 
rim, blend with the neigh- 
boring sarcous elements. 
(See Fig. 41.) 

In gold-stained specimens 
these features are far more 
striking than in fresh muscle, 
as the chloride of gold, acting 
for a sufficient length of time, 
— viz., twenty to forty min- 
utes, — stains the contractile 
Fig. 41 . — Portion of the Fresh Thigh- substance of muscle violet. 
MUSCLE OF Hydrophilus Piceus. Structure-elements of the 
[Published in 1873 .] Nervous System. Thin sec- 

V, nucleus; (?, granules in the longitudinal direc- tioilS from the COrtcX Or tllC 
tion of the nucleus. Magnified 800 diameters. . t n 

main ganglia ot a grown, re- 
cently killed rabbit are the best specimens for examination with 
high powers of the microscope. The section may be transferred 
to the shde without or with the addition of a preserving fluid ; 
in the latter case, a very dilute solution of bichromate of potash 
is preferable, because, as proved by A. Rollett, this does not alter 
the structure of protoplasm. Layers of protoplasm, with numer- 
ous formations like nuclei, ganglion-corpuscles of varying shape, 
and non-mediillated* nerve-flbers of different size are seen. The 
living matter in the formations termed nucleoli, being compactly 
accumulated, is homogeneous, and has a yellowish luster ; while 

* The original reads by mistake “ medullated.” 
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in the protoplasma of all structure-elements of the nervous 
system it is distributed in thin layers as gramdes and lumps, 
and is of an opaque gray color. All granules and lumps of the 
living matter are interconnected by delicate radiating spokes. 
(See Figs. 42 and 43.) 

In the ganglion-corpuscles, especially in their nuclei, the 
spokes have been observed by a large number of investigators,* 
who interpreted these spokes as belonging exclusively to gan- 
glion-corpuscles, or as prod- 
ucts of coagulation. I am 
unable to see in these forma- 


tions a structure diiferent 


from that of cartilage-corpus- 
cles or that of living proto- 


Fig. 42. — Section from the Cor- 
tex OP THE Brain of a Recently 
Killed Grown Rabbit ; Kept in 
A One-half per cent. Solution 
OP Chloride op Sodium. [Pub- 
lished IN 1873.] 


Fig. 43. — Specimen from the Cor- 
pora Quadrigemina OP A Recently 
Killed Grown Rabbit ; Kept in 
A Dilute Solution of Bichro- 
mate OP Potash. [Published in 
1873.] 


P, the grayish reticulum of living matter, 
■witli numerous nuclei, W. Magnifleil 800 
diameters. 


In the grayish reticulum of living matter 
there are nuclei, N; ganglion-corpuscles, G; 
with axis-cylinder offshoots, A. Some axis- 
cylinders with varicosities, V. Magnified 800 
diameters. 


plasm in general ; true, in the 
ganglion-corpuscles the struct- 
ure is very prominent. Such spokes are in some eases also dis- 
tinctly seen to project from the periphery of the ganglionie cor- 


* The literature is found in Jul. Arnold, “Ein Beitrag zu der feineren 
Structur der Gauglienzellen.” Virchow’s Archiv, 41 Bd. 1867. 
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puseles, as well as to proceed from the mednllated and non- 
mednllated nerve-fibers, and to traverse the light rim aronnd all 
these formations. 

The same structure is visible in the ganglionic corpuscles of 
the sympathicns nerve of the rabbit. Here the spokes directly con- 
nect corpuscles lying 
near each other, and 
penetrate also the inter- 
stice between the cor- 
puscles and the cap- 
sule, being lost to sight 
in the latter. 

The pale protoplas- 
ma of the nervous sys- 
tem, as is well known, 
is easily stained violet 
with solutions of chlo- 
ride of gold, and such 
solutions, cautiously ap- 
plied, furnish a valua- 
ble means more plainly 
to bring to view the 
features of the struct- 
ure of nerve-elements 
described. 

Epithelial Tissue. 
The forms of the so- 
called “ prickle and 
ridge cells ” are known in many epithelia ; they have been first 
described by Max Sehultze * as normal occurrences in the pave- 
ment epithelia of the skin, the lips, the mucosa of the oral 
cavity, the tongue, and the conjunctiva of the eyelids. The 
thorns are nothing but offshoots of an epithelial corpuscle, which 
traverse the light rim of cement-substance to join all the neigh- 
boring corpuscles. The thorns are conical. They are either so 
arranged that from one element alternately the broad base of a 
cone projects, and the next thorn is inserted with its point into 
the element ; or, as Bizzozero has demonstrated, the points of the 
thorns projecting from two neighboring corpuscles meet in the 
rim of the cement- substance. 

Owing to these offshoots, the cement-substance, if cautiously 
stained brown by nitrate of silver, is pierced by transverse light 
* Centralblatt fiir die Mediz. Wissenseliaften, 1864. 



Fig. 44, — Surface-epithelium of a Villus of 
THE Small Intestine of a Grown Dog. 
Slight Gold Stain. [Published in 1873.] 


EL, columnar epithelia iii side view ; EP, columnar e])i- 
thelia in toj) view ; ML, epithelium ti’anHloiined to mucus, 
in side view ; ME, .same in top view ; S, the striated seam 
of the epithelia. Magnitied 800 diameters. 
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lines; whereas gold tinction colors the projections interconnect- 
ing the violet epithelial bodies also violet, leaving the cement- 
substance unstained. 

I have not seen elements in epithelia other than so-called 
prickle-cells ” interconnected with one another. (See Figs. 44 
and 45.) 

From my descriptions it follows that all elements of the 
tissues of the animal body are “ prickle-cells/’ all nuclei are 
prickle-nuclei,” and all nucleoli “ prickle-nucleoli.” 

Examining the epithelial corpuscles of glands, we are satis- 
fied that the projections of one “ enchyma-cell” not only reach all 
neighboring “ enchyma-cells,” but that at the periphery of the 
lobule or tubule of a gland they establish a direct union between 
the enchyma and the connective-tissue corpuscles. 


The first conclusion to 
be drawn from my re- 
searches is that in no 
tissue whatever do there 
exist “ cells ” as isolated 
individuals. 

Each tissue represents, 
speaking in the usual way, 
a colony of cells, in which 
one cell is uninterrupt- 
edly united by filaments 
of living matter with all, 
and all with one. Each 
cell-colony” again is con- 
nected with the neigh- 
boring colonies without 
interruption, so that the 
whole animal body may 
be considered as a sin- 
gle cell-colony. In other 
words : 

The animal hodi/, as a 



Fig. 45. — Section of the Submaxillary 
Gland of a Middle-sized Babbit. 
Slight Gold Stain. [Published in 
1873.] 

AA, acini lined by epitlielia (termed also “encbyma- 
cells”); C, connective-tissue frame. Magnified 300 
diameters. 


whole, is one protoi)lasmic mass, in 'which are imbedded a relatively 
small number of isolated protoplasmic corpuscles (migrating, color- 
less, and colored blood-corpuscles), and various other non-livinej 
substances (glue-yielding and mucous substances, fat, pigment- 
granules, etc.). 
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Just as the amoeba is a protoplasmic lump, in which the 
living matter is arranged in the form of a reticulum, whose 
points of intersection are also living matter, so the body of even 
a highly organized mammal is a lump, traversed by a living 
reticulum, whose points of intersection are living matter in the 
shape of protoplasmic corpuscles, hitherto termed cells. 



Fig. 4G. — Schema op the Structube of the Varieties op Con- 
nective Tissue. [Published in 1873.] 

Every tissue, as the history of development teaches, is built 
up by a number of protoplasmic lumps, which we may consider 
as the elements of the tissue. In a completely formed tissue, the 
cell and its territory (Virchow) represent the unit of the tissue, 
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which is by DO Dieans an individnal, as each unit is in direct, 
living connection with all neighboring units. 

Let us begin with the analysis of the units in the formations 
termed “ connective tissue.” In the center of the element is the 
nucleolus, around this the nucleus, and next a protoplasmic body, 
hitherto termed cell” ; this is surrounded by a protoplasmic mass, 
infiltrated with a glue-yielding basis-substance, and within this 
unit of the tissue the living matter is uninterruptedly connected. 
It is accumulated in the center in the shape of a compact nucleolus; 
next it constitutes a sometimes narrow, sometimes wide, reticu- 
lum, and incloses this reticulum as a continuous layer in the 
shape of the nucleus; then it forms a somewhat wider reticulum, 
holding protoplasmic liquid, and, as a rule again, a continuous 
shell, inclosing this reticulum in the shape of the cell; and, lastly, 
is spread out in the shape of a relatively wide reticulum, whose 
meshes are infiltrated with basis-substance, as the cell-territory. 
{See Fig. 46.) 

This schema may exhibit modifications if either the nucleus in 
toto or the whole element in toto is a compact, homogeneous mass 
of living matter. Such conditions are due, as I have explained 
before (see page 46), to differences of age of the protoplasm. 

Each of the constituents of a unit described is separated from 
the neighboring constituents by a space, as a rule, containing a 
liquid, traversed uot by a reticulum, but simple filaments of the 
living matter. Such spaces, therefore, exist around the nucleolus, 
around the nucleus, around the protoplasm, or cell, and around the 
infiltrated portion of the unit, although until the present time 
only the pericellular spaces were known. In all these spaces a 
circulation of liquids can take place, and each may be filled by 
parenchymatous injection with colored substances. Such injec- 
tions have been made around the nucleus (by Mac-Grillavry) j 
around the cell (by Kowalewsky and others) ; around the bor- 
ders of the units of the tissue, and, lastly, around the perivascu- 
lar spaces. By such forcible injections the connecting filaments 
are torn and the protoplasmic bodies become displaced and com- 
pressed. We can readily understand how lymph-clefts, desti- 
tute of walls, could be manufactured by such parenchymatous 
injection. 

The schema of the units of epithelium is different. In 
the center of the element is the nucleus with the nucleolus. 
Both are imbedded in a protoplasmic body surrounded by the 
sheU of cement-substance common to all neighboring elements. 
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wliich contains the spokes or prickles connecting' the elements. 
Features similar to those of epithelia may also he exhibited by 
some connective-tissue corpuscles, especially those of the medul- 
lary tissue (osteoblasts) and the endothehum ; the same are found 
in the tissue of smooth muscle. I intend to demonstrate here- 
after that the development of a unit of connective tissue is 
invariably preceded by a stage which corresponds to the schema 
of epithelial formation ; we are therefore not justified in making 
an essential difference between the elements of connective tissue 
and those of epithelium, exclusively based on differences in their 
shape. 

Just as each independent protoplasmic lump, and within it 
each vacuole, is bordered by a continuous layer of living matter,, 
so the body of a mammal, and in its interior every cavity, is 
covered by a continuous layer of protoplasm. 

Based upon the facts hereinbefore described, we may obtain, 
as I shall later show, a clear view of the development of the 
tissues and of the inflammatory process. During inflammation, 
especially that of certain tissues, conclusive proofs are furnished 
that there is in the basis-substance a large amount of living 
matter which is liable to become diseased. 

Is Blood a Tissue f As one of the consequences of the 
modern views regarding individuals, it is held that blood, pus,, 
secretions, etc., are fluid tissues. I have demonstrated that every 
animal tissue is a continuous mass of protoplasm, with zones of 
different structure. An “ intercellular substance ” exists here as 
little as “cells,” in the modern sense, are present. We are 
justified in speaking only of hasis-suhstance. 

That single lumps, as migrating cells, discovered by Von 
Recklinghausen, are, for a time, disconnected from other ele- 
ments and execute locomotion of their own, does not alter the 
general rule. Migrating corpuscles are not essential constituents 
of a tissue. 

In the^ blood, isolated protoplasmic lumps, the red and colored 
blood-corpuscles, float in a liquid plasma. Protoplasmic lumps 
are likewise suspended in liquids such as pus, colostrum, bile, 
sperm, etc. Such hquids we have no right to call tissues. 

The analogy between a living amoeba and the body of a 
higher animal as to its living blood-corpuscles is apparent 
enough. In the amoeba there arise transient vacuoles, in some 
of which, as I liave demonstrated before (see page 22), granules 
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of the contractile matter may be snspended ; and blood-vessels 
arise from the formation of vacnoles (see page 36), containing 
from their very origin a liquid in which isolated lumps of living 
matter are suspended. 


Ueseaeches and Deductions since 1873. 

I have purposely given an accurate translation of my 
assertions in 1873, in order to show that the cell-theory and 
its consequences, in the hght of my investigations, had to be 
abandoned. At present, after nine years^ further research, I 
have nothing to alter in my previous statements, and but little 
to add. 

Various publications, based on studies made in my laboratory 
during the last seven years by unprejudiced observers, fully 
corroborate the new views. Not only physiological and histo- 
logical research, but pathological investigation as well, will 
become more fruitful. Inflammation, tuberculosis, formation of 
tumors — in short, all morbid processes — will be better under- 
stood than is possible with cellular-pathological views. 

L. Elsberg, in 1875,* makes the following statements : 

“ Not only in the wide domain of organic physiology, but 
especially also in human pathology, the cell doctrine has been 
accepted so universally that it seems to me eminently proper to 
bring the new views to the notice of the American Medical Asso- 
ciation, even at this early stage of their crystallization into a 
complete doctrine. All that I shall present to you as histological 
fact has been repeatedly observed and demonstrated by C. Heitz- 
mann, both at Vienna and New York; and a number of others, 
as well as I, have been enabled to conflrm his observations. 

‘‘ The ideas of humoral and solidistic pathologists long con- 
tinued to influence medical teachings after Schwann’s dis- 
coveries of the elementary structure of tissues were generally 
acknowledged as correct, and more or less consistently applied. 
It was really not until Virchow promulgated his celebrated 
lectures on cellular pathology, less than twenty years ago, — 
lectures which reached and deeply impressed the medical pro- 
fession in every portion of the globe, — that the cell-doctrine 
has had undisputed sway.” 

* Notice of the Bioplasson Doctrine. Transactions of the American 
Medical Association, I 87.5. 
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In Lecture L, delivered February 16, 1858, Virchow said: “If we con- 
sider the extraordinary influence which Bichat, in his time, exercised upon the 
state of medical opinion, it is indeed astonishing that such a relatively long 
period should have elapsed since Schwann made his great discoveries without 
the real importance of the new facts having been duly appreciated. This has 
•certainly been essentially due to the great incompleteness of our knowledge 
with regard to the intimate structure of our tissues, which has continued to 
exist until quite recently, and, as we are sorry to be obliged to confess, still 
even now prevails with regard to many points of histology, to such a degree 
that we scarcely know in favor of what view to decide. Especial difficulty 
has been found in answering the question from what parts of the body 
action really proceeds, what parts are active, what passive ; and yet it 
is already quite possible to come to a definite conclusion upon this point, even 
in the case of parts the structure of which is still disputed. The chief point 
in this application of histology to pathology is to obtain a recognition of the 
fact that the cell is really the ultimate morphological element in which there 
is any manifestation of life, and that we must not transfer the seat of real 
action to any point beyond the cell.” And further on he said: “According 
to my ideas, this is the only possible starting-point of all biological doctrines. 
If a definite correspondence in elementary form pervades the whole series of 
all living things, and if in this series something else which might be placed 
in the stead of the cell be in vain sought for, then must every more highly 
developed organism, whether vegetable or animal, necessarily, above all, be 
regarded as a progressive total, made up of a larger or smaller number 
of similar and dissimilar cells. Just as a tree constitutes a mass arranged 
in a definite manner, in which, in every single part, in the leaves as in the 
root, in the trunk as in the blossom, cells are discovered to be the ultimate 
elements, so it is also with the forms of animal life. Every animal presents 
itself as a smn of vital unities, every one of which manifests all the character- 
istics of life. The characteristics and unity of life cannot be limited to any 
one particular spot in a highly developed organism (for example, to the brain 
of man), but are to be found only in the definite, constantly recurring, struct- 
ure which every individual element displays. Hence it follows that the 
structural composition of a body of considerable size, a so-called individual, 
always represents a kind of social arrangement of parts, an arrangement of a 
social kind, in which a number of individual existences are mutually depend- 
ent, but in such a way that every element has its own special action, and 
even though it derive its stimulus to activity from other parts, yet alone 
effects the actual performance of its duties. I have therefore considered it 
necessary, and I believe you will derive benefit from the conception, to portion 
out the body into cell-territories (Zellen-territorien). I say territories, because 
we find in the organization of animals a peculiarity which in vegetables is 
scarcely at all to be witnessed, namely, the development of large masses of 
so-called intercellular substance. Whilst vegetable cells are usually in imme- 
diate contact with one another by their external secreted layers, although in 
such a manner that the old boundaries can still always be distinguished, we 
find in animal tissues that this species of arrangement is the more rare one. 
In the often very abundant mass of matter which lies between the cells 
(intermediate, intercellular substance) we are seldom able to perceive at a 
glance how far a given part of it belongs to one or another cell ; it presents 
the aspect of a homogeneous intermediate substance. According to Schwann, 
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the intercellular substance was the cytoblastema destined for the development 
of new cells. This I do not consider to be correct, but, on the contrary, I 
have, by means of a series of pathological observations, arrived at the conclu 
sion that the intercellular substance is dependent in a certain definite manner 
upon the cells, and that it is necessary to draw boundaries in it also, so that 
certain districts belong to one cell, and certain others to another. You will 
see how sharply these boundaries are defined by pathological processes, and 
how direct evidence is afforded that any given district of intercellular sub- 
stance is ruled over by the cell which lies in the middle of it, and exercises 
infiuenee upon the neighboring parts. 

“It must now be evident to you, I think, what I understand by the terri- 
tories of cells. But there are simple tissues which are composed entirely 
of cells, cell lying close to cell. In these there can be no difficulty with 
regard to the boundaries of the individual cells, yet it is necessary that I 
should call your attention to the fact that, in this case, too, every individual 
cell may run its own peculiar course, may undergo its own peculiar changes, 
without the fate of the cell lying next to it being necessarily linked with its 
own. In other tissues, on the contrary, in which we find intermediate sub- 
stance, every cell, in addition to its own contents, has the superintendence of a 
certain quantity of matter external to it, and this shares in its changes — nay, 
is frequently affected even earlier than the interior of the cell, which is ren- 
dered more secure by its situation than the external intercellular matter. 

“Finally, there is a third series of tissues, in which the elements are more 
intimately connected with one another. A stellate cell, for example, may 
anastomose with a similar one, and in this way a reticular arrangement may 
be produced similar to that which we see in capillary vessels and other analo- 
gous structures. In this case it might be supposed that the whole series was 
ruled by something which lay, who knows how far off ; but upon more accu- 
rate investigation, it turns out that even in this chain-work of cells a certain 
independence of the individual members prevails, and that this independence 
evinces itself by single cells undergoing, in consequence of certain external 
or internal infiuences, certain changes confined to their own limits, and not 
necessarily participated in by the cells immediately adjoining.” * 


“ Now, according to Heitzmann, what Virchow asserts of ‘ a 
third series of tissues’ is really true of all tissues. Not only are 
there contained no cells as isolated individuals in any tissue of 
the body, but no tissue in the body is isolated from the others. 
He prefers not to use the term ‘ cells ’ j he speaks of ‘ living 
matter,’ and this he asserts is continuous throughout the whole 
body. If we desire to retain the use of the w'ord cell to desig- 
nate the hving-tissue elements, we must regard each ceU to 
contain a net-work of living matter within it, and every cell 
connected by threads of living matter with every other cell in its 
neighborhood. . . . 

* “ Cellular Pathology, as based upon Physiological and Patliological Histology.” By 
Rudolf Vircliow. Translated from the second'edition h 3 ^ Frank Cliance, B. A., M. B., Cantab., 
etc. New York: Robert M. DeWitt. Pp. 29, 40, et seq^. 
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‘‘Allow me to impress this fact upon you, that these are 
things which each and every one of you can see for himself if he 
only has a good microscope, good eyes, and an unprejudiced mind. 
Don’t look for any so-called ‘ cells,’ and don’t imagine, as I used 
to do, that it is given to only a favored few to he able to pene- 
trate these mysteries of nature. The only danger is that you 
become so much fascinated with histological investigations as to 
neglect other important things. 

“ It is the merit of Heitzmann to have discovered, in the first 
place, that the living matter in its simple form, as seen in an 
amoeba, the so-called basis-matter of hfe, to which hitherto the 
name of protoplasma has been applied, but which I propose to 
designate as bioplasson, is not without structure, as has before 
his accurate investigations been supposed, and that its structure 
is that of a net-work, in the meshes of which the bioplasson fluid,, 
or the not contractile, not living portion of the organism exists. 
He discovered that the granules, which had been observed before,, 
are not foreign or accidental occurrences, but that they are part 
and parcel of the living matter — that, in fact, they are the thick- 
ened points of intersection of the threads of bioplasson consti- 
tuting the living net- work. Extending his investigations, he 
found that what was true of the structure of bioplasson in the 
amoeba, where a single unit-mass of living matter constitutes the 
entire individual, is true of the structure of bioplasson of all, 
even the highest, living organisms. The idea connected with the 
word cellj when this term was fii’st applied to the organic form 
element, had, with the advance of microscopical and histological 
knowledge, gradually undergone such changes that the name had 
become a complete misnomer. Although ‘ cells ’ were still spoken 
of, it was understood that their essential constituent was living 
matter individualized into small, distinct masses. The existence 
in these of a nucleus, a nucleolus, even a nucleolinus and gran- 
ules, was known ; even thorns and processes had been observed 
occasionally. But all this knowledge of the structure of these 
elementary masses was fragmentary, until Heitzmann announced 
that the nucleus, nucleolus, granules, and threads are really the 
living contractile matter ; that it is arranged in a net-work con- 
taining in its meshes the non-contractile matter which is trans- 
formed into the various kinds of matrix characterizing different 
tissues ; and that the tissue unit-masses of bioplasson throughout 
the whole body are interconnected with fine threads of the same 
living matter. 
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‘‘ On tlie significance of these discoveries, and their hearing 
npon the question of physiology and pathology, I can here say 
hut a few words. The more our knowledge of the minute 
anatomy, or rather morphology, of the organism advances, the 
more explicable becomes the functional activity of the various 
parts and tissues. So long as the cell was looked upon as the 
simplest form element of the body, we could not hope to go 
beyond the cells, and their performances in health and disease. 
Unfortunately, their investigation could not explain essential 
vital phenomena, the real activity of living matter. To-day we 
have it in our power to examine almost all tissues of the animal 
body while they are alive, by preventing, in thin sections placed 
under the microscope, evaporation or drying upon the one hand, 
and by supplying, on the other, such artificial temperature and 
other conditions as are necessary for the vital manifestation of 
the particular tissue under investigation. And, enabled directly 
to observe the phenomena which accompany movement of living 
matter, its contraction, we may hope to attain clear conceptions 
of the mysterious activity of muscles, of nerves, even of epithelia, 
which form secretory organs. I may instance Heitzmann’s dis- 
covery of the manner in which primary muscle-bundles are 
constituted, as showing how easy it is to understand the observed 
phenomena of muscular contraction and innervation, if we have 
correct information as to the morphological arrangement. With- 
out going into the details, I may say that a primary bundle is made 
up of rows of sarcous elements and muscle fiuid, the former 
united by threads of living matter, as mentioned before. Con- 
traction of the whole muscle consists in this : that the sarcous 
elements become larger, and the threads shorter. Klihne has 
shown that the motor nerve does not enter the muscle fiber, but 
ends knob-like at its side, in about the middle; here the con- 
traction commences, and proceeds toward each end. In fact, we 
find everywhere that definite physiological functions depend 
upon definite morphological arrangements, and we may well 
make deductions from the latter as to the former. 

“ Pathology will doubtless derive much advantage from the 
bioplasson doctrine. We are enabled to observe quantitative 
and qualitative changes of living matter in the smallest con- 
stituents of the body. We know that the disposition of living 
matter is different in different persons, and that, in the case of 
increased supply of food, the reaction is different in strong and 
healthy people on the one hand, and the sick and weak on the 
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other. Indeed, upon this knowledge rests, to-day, the whole 
doctrine of tubercnlosis. It may he that we shall yet learn to 
know the differences in the behavior of living matter toward 
different re- agents, or differences in its quantitative arrangement, 
so that we may, perhaps, become able, from the examination 
of a few colorless blood-corpnscles, to gain an insight into the 
condition and vital power of the whole individnal. If this come 
to pass, it will be possible to recognize certain diseases by means 
of the microscope before they are sufficiently developed to do 
mnch harm ; and we may thus come a step nearer to the highest 
aim of the physician — the prevention of disease. At all events, 
every exact scientific investigation, even though at first of theo- 
retical value only, sooner or later brings with it some practical 
benefit.” 

The hopes here expressed have already, to a certain degree, 
been realized, and the practical value of the new discoveries 
demonstrated. 

In 1879, I said in the introduction of an essay : * 

“ I am far from blaming any physician who, perhaps ten or 
even five years ago, has studied microscopy, and left it disgusted 
or in despair. The standard doctrine of ^ cells ’ and the ‘ cellular 
pathology’ was unsatisfactory indeed. Beyond the proof of 
the presence of cells, microscopy did not advance, and the 
examiners have been satisfied if they could see cells, the 
greatly varying shape and size and appearance of which 
they had to admit, without knowing any of the causes of the 
variations. 

To-day the cell-doctrine is surpassed by new discoveries. 
Instead of looking at the shape of the ceU, we have learned to 
study the minute structure of its mass, the so-called protoplasm, 
of which we know that it represents a constituent part of the 
organism. Many of the morbid relations of the protoplasm have 
been revealed, and made use of for practical purposes. We climb 
upward upon the shoidders of the ingenious founder of the 
cellular pathology, R. Virchow ,• and that the new doctrine, for 
which has been proposed the term ^ bioplasson-doctrine,’ has 
really arrived at a certain point of perfection, I presently intend 
to demonstrate.” 

For the researches and deductions here alluded to, see 
page 58. 

* ‘‘The Aid which Medical Diagnosis receives from Eecent Discoveries 
in Microscopy.” Archives of Medicine, 1879. 
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The re-agents which I used in 1873, with predilection, viz,, 
the nitrate of silver and chloride of gold, are not always 
rehahle, and I admit, had my assertions been based exclusively 
on specimens treated with these re-agents, they would justly 
have been considered as nearly worthless. Besides, a certain 
amount of skill in using those re-agents, and a well-trained eye, 
are required to see what really can be seen. This is evidently the 
reason why in Europe, of the many investigators who tried to 
bring to view the connections of cartilage-corpuscles after 1872, 
when I first found these connections, only very few have suc- 
ceeded. Still it was absolutely necessary to demonstrate the 
presence of such connections, because on cartilage-tissue have 
mainly rested, for the last forty years, our biological views. 

A. Spina * deserves great credit for the discovery of a new 
method, by which the connections of cartilage-corpuscles become 
readily demonstrable even to a relatively untrained eye. This 
method is as follows : the cartilage, best from the articular ends 
of bone, for three or four days is placed in alcohol, cut and 
examined in alcohol. We are satisfied,” Spina says, ‘Hhat from 
the cells of the hyaline cartilage project solid offshoots ; these, as 
is easily seen, arise from the bodies of the shriveled cells, pervade 
the basis-substance, and blend with the offshoots of other cells. 
The thickness and number of the offshoots greatly vary ; the 
most numerous and most delicate were found in specimens 
from the superficial portion of articular cartilages of middle- 
sized frogs,” etc., etc. 

From what I have seen, I can heartily recommend this method 
for the demonstration of the connections, though it is, on account 
of the shrinkage due to the preservation in alcohol, imperfect. 
This method brings to view, also, the delicate, mostly rectangu- 
lar reticulum in the basis-snbstance of fibrous connective-tissue 
formations, adjacent to cartilage. 

S. Strieker t recently makes the following statements: 

‘‘ The so-called migrating cells in the substantia propria of 
the cornea, so far as can be ascertained by direct, continuous 
observation, are neither migrating nor isolated cells. We can 
easily see, under suitable conditions, that portions of their 
bodies gradually assume the looks of basis-substance, while new 

* “ Ueber die Saftbahnen des hyalinen Knorpels.” Sitzungsber. d. Wiener 
Akad. der Wissensch., 1879. 

t “Mittbeilnng iiber Zellen und Grundsubstaneen.” Wiener Mediz. Jahr- 
biieher, 1880. 
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additions to the cell-body are formed from the neighboring basis- 
substance. 

“ The basis-substance, under favorable conditions, exhibits in 
its interior form-changes like those of amoeboid cells. A net- 
like arrangement, fibrillae, and other forms, come and go. 
The basis-substance and the migrating cells in it represent a 
continnons mass, which, according to circumstances, may assume 
the features of basis-substance or of wandering cells. A lump 
of this mass becomes a real migrating cell only if separated from 
its surroundings, which, however, does not occur in the con- 
tinuity of the substantia propria. 

The epithelia of the cornea, with their so-called cement- 
ledges, likewise form a continnons living mass. Under favorable 
conditions, we can easily realize that neither the cement-ledges 
nor the cells are stable formations. The cement-ledges are 
transformed into constituent parts of the neighboring cells, while 
within the cells new cement-ledges arise, so that after a while the 
configuration of the epithelium has changed, or else the whole 
form of the cells of the anterior epithelium is lost to sight, and it 
appears as a uniform mass, such as is the rule in the normal 
living cornea. 

“ Changes of the branching cells in the substantia propria 
are easily seen during the first few minutes after excision of the 
cornea, by suitable methods of preparation. 

“ The interior of the cell-bodies undergoes manifold visible 
variations. One of the most remarkable instances is furnished 
by the saliva-corpuscles. The assumption that a so-caUed molec- 
ular motion takes place in the saliva-corpuscles, is erroneous. 
The granules seen with insufficient amplifications are transverse 
sections of trabeculae. The saliva-corpuscle is traversed by a 
sharply marked trabecular structure (Balkenwerk), which, so 
long as the corpuscle is fresh, executes lively wavy motions. 
The waving gradually ceases on the addition of solutions of salts 
in certain concentration, and the reticular structure disappears. 
The waving is now replaced by very slow form -changes in the 
interior mass.’’ 


VII. 


CONNECTIVE TISSUE. 


Definition and Division. 


T he term connective tissue is applied to that tissue which con- 
stitutes the frame of the body (skeleton), covers the articular 
surfaces of hones (articular cartilage), incloses the whole body 
(derma of skin), supports and surrounds muscles and nerves 
(tendon, perimysium, perineurium), produces flat layers for all 
epithelial formations (basement layers), contains as a physiologi- 
cal product fat-globules (fat-tissue), and forms the blood and 
lymph vessels. It is composed of living matter which, having a 
reticular structure, contains in its meshes a lifeless, more or less 
solid, interstitial basis-substance. At certain regular intervals the 
reticulum is nodulated, and these nodules are the formerly so- 
called connective-tissue cells, preferably termed connective-tissue 
corpuscles. 

The distinguishing feature of connective tissue is the inter- 
stitial hasis-suhstance, which is generally termed “ glue-yielding,” 
because some of its varieties on being boiled furnish gelatine, 
although other varieties, by the same treatment, yield a substance 
which is not strictly glue, but kindred to it. For twenty years 
(1840-1860) a lively controversy was carried on regarding the 
relation between the basis or intercellular substance and the 
plastids, the connective-tissue cells. Henle was the main repre- 
sentative of the view that the intercellular substance contains only 
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cavities^ while Virchow asserted that the intercellular substance 
contains “ cells,” the seats of life. Between 1860 and 1870, his- 
tologists began to be aware that the intercellular substance 
contains cavities, in which the cells are imbedded. Virchow,, 
in 1851, was also the first to recognize that aU varieties of connect- 
ive tissue belong to one group, for the designation of which he 
proposed the rather unsatisfying term “ connective substances.” 

As A. Rollett * says: “The connective tissnes are developed from the 
middle germinal layer, in which blood and muscle also originate. The typical 
connective substances are recognized histologically by the circumstance 
that they contain extensive and continuous layers of material (intercellular 
substance), which, when compared with the cellular structures distributed 
through its substance (protoplasma), or the morphological elements in other 
tissues, always appears as a more passive substance and one which participates 
but slightly in the processes characteristic of life. These masses consist, for 
the most part, of gelatine -forming substances, such as collagen, chondrogen, 
and ossein. The connective tissues frequently pass by substitution or genetic 
succession into one another; they appear, therefore, to be morphologically 
equivalent, so that in many instances certain organs, or parts of organs, 
belonging to animals nearly allied to one another, are formed sometimes of 
one, sometimes of another, of these tissues.” 


The basis-substance, the hitherto called intercellular substance, 
is a prodncl: of the lifeless bioplasson liquid which, probably 
nitrogenous from the very beginning, is transformed by chemical 
changes into the nitrogenous, more or less solid, mass termed 
basis-substance. In the same variety of connective tissue, espe- 
cially in the fibrous, the basis-substance may exhibit different 
degrees of solidification. Bundles of fibrous connective tissue are, 
f. i., built up of striated, glue-yielding hasis-substance ; the 
bundles are separated from each other by the less solid cement-sub- 
stance ; and they are bounded, both at their peripheries and around 
the plastids, by a more solid, dense, and chemically indifferent 
elastic substance. The so-called elastic fibers are but a variety 
of the glue-yielding basis-substance, in a high degree of solidi- 
fication. 

According to the nature of the interstitial substance, the 
morphological properties of which are far better known than the 
chemical, we may distinguish four varieties : 

Myxomatous or mucoid basis-substance, a jelly-like, translucent 
substance, not yielding gelatine ; 

* “ A Manual ol Histology,” by S. Strieker. American translation edited by Albert H. 
Buck, 1872. Chapter ; “ The Connective Tissues.” 
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Fibrosis hasis-substance, a semi-solid, opaque substance, char- 
acterized by a striated, fibrous, or lamellated appearance, yielding, 
on being boiled, glue or a substance kindred to glue ; 

Cartilaginous or chondrogenous basis-substanee, a dense, opaque 
substance of a uniform hyaline or striated appearance, which 
on being boiled also yields a liquid kindi’ed to glue, as indicated 
by its odor and 

Osseous or bony basis-substance, a dense, opaque, glue-yielding 
substance, of a striated or lameUated appearance, infiltrated 
with lime- salts. 

The character of' any variety of connective tissue is exqlu- 
sively defined by the character of its basis-substance, whereas the 
connective-tissue corpuscles, though greatly varying in size and 
shape, are all essentially the same, viz. : living matter hitherto 
called “ protoplasm.” These protoplasmic bodies, plastids, as a 
rule nucleated, lie in cavities of the basis-substance, representing 
what has been termed the fixed cells ” of connective tissue. Be- 
sides, in some varieties of connective tissue, plastids are met 
with which, under favorable conditions, exhibit rapid changes of 
shape and locomotion. Von Recklinghausen* first drew attention 
to the presence of these “migrating cells.” Such corpuscles can 
change their location only in the interstitial liquid portions of the 
basis-substance. Their presence is by no means the rule. 

Of the connective-tissue corpuscles, of course the “ fixed cells ” 
alone are united with each other. In myxomatous tissue the cor- 
puscles are connected by thick and wide offshoots, constituting 
the “ stellate cells” of Virchow. In hyaline cartilage the union is 
by delicate offshoots j while in the fibrous tissue, in fibrous car- 
tilage and bone, the corpuscles are joined by both tliick and slender 
offshoots. The basis-substance, which was formerly supposed to 
be structureless, is to-day known to be traversed by a delicate 
reticulum of living matter, the meshes of which are somewhat 
larger than that of the plastids ; by means of this reticulum the 
connection between the plastids is established. 

The reason why the reticular structure of the hasis-suhstanee is not, or 
so little, marked in the fresh condition of the tissue, is that there is not 
sufficient dilference between the refracting power of basis-substance and of 
living matter. It can be brought to view either by staining re-agents, such as 
nitrate of silver and chloride of gold, or by alteration of the refraction of 
the basis-substance, such as its liquefaction in the inflammatory process or 
deposition of lime-salts. The latter occurrence, both in normal and morbid 

* Virchow’s Archiv. Bd. xxviii. 
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conditions, is an excellent means to render the reticulum in the hasis- 
suhstance of cartilage visible, without any re-agent. In ground specimens 
of dry bone the cavities (laeimse) and their offshoots (the canaliculi) are very 
marked, especially if filled with air or other extraneous matter, because the 
difference in the refraction of the calcified basis-substance and the cavities, 
deprived of their bioplasson, is very great. The more the lime-salts are 
extracted from the basis-substance — f. i., by a solution of chromic acid, 
which at the same time preserves the bioplasson — the less visible are the 
cavities and their offshoots. A small amount of lime-salts, left behind even 
after chromic-acid treatment, renders both cavities and canaliculi, both the 
bone-corpuscles and their offshoots, plainly visible. 

^ The development of basis-substance invariably takes place 
from the bioplasson liquid. Either single plastids are infiltrated 
with basis-substanee and rendered pale, apparently structureless, 
or the proees's takes place in a number of coalesced plastids, from 
which the formation of a territory results. Within this territory 
unchanged plastids are left, the connective-tissue corpuscles 
proper. The first manner of formation of basis-substance occurs 
in the simplest and earliest varieties of myxomatous connective 
tissue, the latter manner in all higher developed forms of 
fibrous, cartilaginous, and bony connective tissue. 

(1) Myxomatous or Mucoid Tissue. Myxomatous tissue is the 
earliest connective-tissue formation in the embryo, and all later 
varieties of connective tissue arise from this. As soon as the 
mesoblast is produced, we recognize it by the presence of numer- 
ous plastids, uniform in size and shape, some homogeneous, 
others granular and nucleated. All are connected by means of 
delicate filaments, traversing the light rim around each plastid. 
This tissue is called the embryonal or indifferent tissue, the latter 
term meaning that no difference can be discovered in the char- 
acter of the plastids. 

During the first few weeks of embryonal life we meet with 
myxomatous connective tissue only, and also during the entire 
period of intra-uterine development this kind of tissue largely pre- 
vails ; it also forms the tissues destined for the attachment of the 
embryo to the womb and for its nutrition, viz. : the placenta and 
the umbilical cord. With advancing development of the body 
the myxomatous tissue is replaced by more advanced formations, 
and in the full-grown individual only the vitreous body of the eye 
exhibits features similar to those of the umbilical cord (Virchow). 
We also meet with it in all remnants of embryonal development, 
such as medulla of bone, adenoid or lymph-tissue (lymph-ganglia, 
spleen, submucous adenoid layers), and tooth-pulp. 
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Fig. 


47. — Medullary Tissue of Chest 
Human Embryo, Four Weeks Old. 


C, medullary tissue, probably tending toward the forma- 
tion of cartilage of ribs ; P, medullary tissue, probably tend- 
ing towai'd tlie formation of fibrous perichondrium. Magni- 
fied 600 diameters. 


In the animal organism, myxomatous tissue appears in the 
following varieties : 

fa J Medullar II Tissue, found in medulla of hone at an early 
stage of development. The human embryo exhibits this tissue 
in the first few weeks. 

Plastids, either solid, 
or granular and nu- 
cleated, globular or 


spindle-shaped, and 
of varying size, are 
scattered in a scanty 
jelly-like basis-sub- 
stance. This sub- 
stance, examined 
without any re-agent, 
looks granular with 
lower powers of the 
microscope, but with 
high powers exhibits 
a. delicate reticulum, 
which blends with 
the delicate, thread-like offshoots from the plastids. Each field 
of the basis-substance corresponds in size and shape to one plastid 
or to a small group of plastids ; the earliest formations of basis- 
substance arise from single plastids, by a chemical alteration of 
the bioplasson liquid, without the formation of territories. (See 
Fig. 47.) 

The medulla of bone exhibits this variety of myxomatous 
tissue at the fourth and fifth month of embryonal life of man, 
and in the case of pup or kitten at the corresponding stage, viz. : 
time of birth. 

Fig. 33 represents this tissue in a chromic-acid specimen ; 
Fig. 34, stained with chloride of gold, in order to demonstrate 
the structure of the basis-substance. 

The plastids in medullary tissue often assume the spindle 
shape, and here, too, we are satisfied that every field of basis- 
substance arose from an original plastid, without formation of 
territories. The embryonal and the medullary tissue in both va- 
rieties are prototypes of tumors, termed “ round-cell and spindle- 
cell sarcoma” (globo and spindle myeloma). (See Fig. 48.) 

(h J Beticular Tissue. This is the next stage in the development 
of myxomatous connective tissue. It consists of a reticulum of 
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either plastids or fibers, with nuclei at their points of intersec- 
tion, inclosing a jelly-like basis-substance. The center of a field 
of basis-substance often contains a nucleus, which indicates that 
the field has originated from a plastid, the peripheral portion of 
which, by a chemical change of its liquid, was transformed into 
basis-substance, while the nucleus remained unchanged. 

The placenta is, to a great extent, composed of this tissue, 
the reticulum being of a fibrous character, while distinctly nucle- 
ated plastids, the so-called “ decidua-cells,” fill the mesh-spaces of 
the reticulum. 

The villi of the placenta consist of a reticulum of plastids 
with thickenings at the points of intersection, in close connection 



H, bone-tissue; S, myxomatous tissue composed of spindle-shaped plastids, traversed by 
a capillary blood-vessel. Magnified 800 diameters. 


with the endothelial wall of the capillaries. Most of the mesh- 
spaces exhibit central nnclei. (See Fig. 49.) 

The tissues of the body, which after more advanced develop- 
ment show the structure of fibrous connective tissue, are origi- 
nally reticular. In many instances we encounter in very young 
embryos spaces, inclosed by a fibrous or plastid reticulum, which 
contain a jelly-like basis-substance, too large for admitting them 
to have originated from a single plastid. In some other instances 


Fig. 48. — Medullary Tissue of Bone from the Scapula of a 
New-born Kitten. 
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of reticular tissue no doubt a single plastid has become basis- 
substance, but here two or more plastids must have coalesced 
in order to produce a nucleated field of basis-substance — the 
first evidence of a territory. Formations of both these varie- 
ties, however, may occur in one and the same specimen. (See 
Fig. 50.) 



Fig. 49. — Reticular Myxomatous Tissue op a Villus op the 
Placenta of a Human Embryo, Four Months Old. 

EE, epitlielial cover of the villus ; B, solid bud of a growing villus ; 00, capillary blood- 
vessels, overlapped by the myxomatous reticulum. Magnified 500 diameters. 

The lymph-ganglia, including the thymus of embryos and the 
spleen during the whole of life, exhibit the reticular myxomatous 
structure in a marked manner. (See Fig. 31.) The reticulum is 
either fibrous or composed of nucleated branching plastids,* while 
the meshes, varying greatly in size, contain plastids, either single 
or in groups, in all stages of development : the lymph-corpuscles. 
Of this variety of lymph-tissue the substance of the thyroid body 
may perhaps consist, although the spaces holding the lymph- 

* C. Toldt has demonstrated that in the thymus of low vertebrates (frog, 
newt) the reticulum retains its protoplasmic character for life, Lehrbuch 
4er Gewebelehre, 1877. 
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corpuscles in that substance are closed alveoli, and the walls of 
the alveoli are distinctly fibrous in character. 

The reticular myxomatous tissue of the lymph-ganglia is the 
prototype of tumors termed Myxo-Sarcoma (Myxo-Myeloma). 
The more advanced tissue of the character of the thyroid body 
is found in all formations called lymph-adenoma. Some histolo- 
gists claim that the connective tissue which surrounds the epi- 
thelial formations in the kidneys, in the salivary glands, and the 
connective tissue in the central nervous system, are reticular in 
structure. M. Schultze found this structure in the retina. 



Fig. 50. — Reticular Myxomatous Tissue of the Muscle-fascia 
OP A Human Embryo, Two Months Old. 

a, reticulum of plastids, or libers with oblong nuclei at tlie points of intersection ; M, 
striped muscle at an early stage of formation; 0, capillary blood-vessel; V, vein. Magni- 
fied .lOO diameters. 


fc ) Myxomatous Tissue of the UmhiUcal Cord. Virchow discov- 
ered in 1851 that the umbilical cord, formerly considered as a gela- 
tinous formation (Wharton’s jelly), is a regular mucoid tissue, 
traversed by a delicate reticulum of branching cells, in the meshes 
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of which is deposited the jelly-like “ intercellular ” substance. In 
this substance globular and isolated cells occur. Virchow found 
that, besides the three main blood-vessels (two arteries carrying 
venous blood, and one vein carrying arterial blood), there are no 
other vessels throughout the entire length of the umbilical cord. 
Capillaries exist only at a short distance (about one-half inch) 
close above the insertion of the cord into the abdominal wall. 
Virchow draws attention to the heavy coats of the vessels, the 
muscular character of which was discovered afterward by 
KoUiker, and concludes that these coats play an important part 
in the occlusion of the vessels whenever they are severed or torn, 



Fig. 51. — Segment op the Umbilical Cord op a Human Embryo, 
Four Months Old, in Transverse Section. 

A, artery; V, vein; M, myxomatous tissue, Ue common adventitia ; E, epithelial cover. 
Magnified 25 diameters. 

I 

without ligature. The mucous tissue, Virchow * says, is attached 
to the imperfectly developed adventitial coat of the three vessels. 

In my conception the umbilical cord in toto is the adventitial 
coat, common to tlie three blood-vessels, of which the vein, as a 
rule, has a much narrower muscle-coat than the two arteries. 
(See Fig. 51.) No capillary blood-vessels and no lymphatics have 
been discovered in this tissue, neither is anything certain in re- 
gard to nerves, though it is probable that the three vessels are 

* “ Die Cellularpathologie.” Vierte Auflage. Berlin, 1871. 
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under the control of vasomotor nerves. The myxomatous tissue 
is often found to contain spaces, greatly varying in size and num- 
ber, filled with liquid ; these, doubtless, are secondary formations, 
so-ealled cysts. The outer surface of the umbilical cord is 
covered by a single layer of fiat epithelia. 

Now, if we compare a transverse section of the umbilical cord with an 
amceba (see page 21), the similarity between the two becomes evident. 
The epithelial coat of the cord corresponds to the continuous layer of living 
matter in amceba ; the complfex reticulum of plastids corresponds to the 
simple reticulum of living matter in the amoeba ; the closed cavities of the 
blood-vessels holding isolated plastids, the blood-corpuscles of the cord, cor- 
respond to the closed spaces, the vacuoles containing isolated granules of 
living matter. In fact, the simple amoeba is the representative of the com- 
plex structure of the umbilical cord, as well as of all other tissues of the 
human body. 



Fig. 52. — Umbilical Cord of a Human Fcetus, Nine Months Old. 

Chromic Acid Specimen. 

P, Lioplassou cords with nuclei at their points of intersection ; B, partly homogeneous, 
I)artly fibrous, basis-substance. Magnified 600 diameters. 

With lower powers of the microscope we recognize in sec- 
tions of the umbilical cord of a fully developed human foetus, both 
fresh and preserved and hardened in a chromic acid solution, a 
relatively coarse reticulum of plastids, Virchow’s branching cells. 
The best sections are obtained from the portion about midway 
between the vessels and the surface, because nearer the vessels and 
the surface the reticulum, being very dense, does not admit of dis- 
tinct demonstration. We see ramifying so-called protoplasmic 
strings of a delicate granular structure, containing oblong nuclei 
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usually at the points of intersection.* In the meshes the basis-suh- 
stance is in part homogeneous, in part traversed by delicate fibrillee. 
Not infrequently a nucleated string passes directly into a bundle 
of flbrillge. In the center of a mesh-space we encounter sometimes 
a globular plastid, apparently isolated — i. e., unattached to the 
strings forming the reticulum. (See Fig. 52.) 

If we rub a stick of nitrate of silver over the surface of a 
piece of a fresh umbilical cord, it will soon become brown 
on exposure to daylight. Sections from such an umbilical 
cord will show light, branching spaces in a dark brown basis- 



Fig. 53. — Umbilical Cord of a Human Fcetus, Nine Months Old. 

Stained with Nitrate of Silver. 

8, light spaces, corresponding to the hioplasson cords in Fig. 62, branching and anas- 
tomosing; S, dark brown basis-substance, indistinctly striated and granular. Magnifled 
600 diameters. 

substance. The light spaces correspond in size and shape to the 
strings seen in specimens preserved in chromic acid. They anas- 
tomose, and some of them send into the basis-substance smaller 
branches, which often divide and subdivide so much as to show a 
dehcate, pencil-like appearance. The contours of the light spaces 
and their branches are in many places serrated. The brown 

* In the nmhilical cord of the pig-foetns the nuclei of the cord are much 
more numerous than in the human. 
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basis-substance appears indistinctly striated and granular. (See 
Fig. 53.) 

If we expose a piece of the fresh umbilical cord for some 
hours to the action of a large quantity of a one-half per cent, 
solution of chloride of gold, the specimen assumes in the daylight 
a dark violet color. Sections exhibit branching and connecting- 
strings of dark violet color, whose nuclei at the points of inter- 
section are either black or pale violet, while the basis-substance 
is but faintly stained either pale violet or pink. The strings in 
their general features and size correspond both to those seen in 
specimens preserved in chromic acid and to the light spaces 
found in specimens stained with silver. The pale basis-substance 



Fig. 54 . — Umbilical Cord of a Human Fcetus, Nine Months Old. 
Stained with Chloride of Gold. 

P, (lark violet Lioidasson coi'ds, corresponding to those in Fig. 62, and to tlio liglit 
spaces in Fig. 53 ; B, pale pink hasis-suhstance, indistinctly striated. Magnified 500 
diameters. 

exhibits an indistinct striation, and some smaller offshoots from 
the violet strings pass into and are lost in striated bundles. 
(See Fig, 54.) 

By comparing the chromic-acid, the silver-stained, and the 
gold-stained specimens, it is apparent that the light spaces are 
identical with the violet tracts, and these again identical with 
the bioplasson strings of the unstained specimen. In other 
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wordSj the nitrate of silver has stained the myxomatous basis- 
substance, and left the strings unstained, whereas the gold has 
stained the strings very much, the basis-substance, on the con- 
trary, very little. 

These facts convince us that Von Recklinghausen’s theory, 
that lymph-spaces traverse the basis-substance and contain 
cells, is erroneous. The spaces produced by silver stain are 
not lymph-spaces, but bioplasson spaces, viz. : they are the 
bioplasson itself, unstained, or the cavities containing the 
unstained bioplasson. Unquestionably, such light spaces in 
silver specimens of various other tissues anastomose with the 
light spaces of the lymphatics, as bioplasson formations (plas- 
tids) are directly attached to the walls of the latter, and neither 
are stained by nitrate of silver. For further details of the 
minute structure of the umbilical cord I refer the reader to page 
120, and to Fig. 35 and Fig. 36. 

The development of the myxomatous tissue of the umbilical cord has not 
as yet been sufficiently studied for any positive statement. Of the minute 
structure of the vitreous body very little is known. From what I have 
seen in gold-stained specimens, and in the changes that occur on the borders 
of tumors of the choroid growing into the vitreous, I am convinced that the 
plastids of the vitreous body, most numerous at its peripheral portions, send 
delicate offshoots of living matter into the myxomatous basis-substance, which 
is alive throughout aud liable to active morbid changes. 

The myxomatous tissue of the pulp of the tooth will be dwelt upon in the 
chapter treating of teeth. 

Fat-tissue. Our knowledge of fat- tissue is very limited. The 
main facts are as follows : 

Fat-granules may arise from any bioplasson granule in 
isolated plastids and in plastids producing tissues of any descrip- 
tion. The granules of living matter assume a. higher degree of 
luster and increase slightly in size whenever they are about to 
change into fat-granules. As I have observed in colostrum cor- 
puscles, the fat-granule at first remains connected by delicate fil- 
aments with the rest of the reticulum, and S. Strieker has 
observed that on the heating-stage fat-granules are expelled 
from a colostrum corpuscle. (See page 28.) 

The chemical change by which the nitrogenous substances 
are converted into fat is not understood. It is even possible, 
according to a suggestion of L. Elsberg, that the plastidules are 
not directly transformed into molecules of fat, but are only 
mixed with them, so that in early stages of development of fat. 
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the plastidules may, by a retrograde metamorphosis, be reestab- 
lished in their original structure. * 

The fat-tissue met with in other varieties of connective tis- 
sue, chiefly the flbrous, consists of a number of fat-globules, 
aggregated into groups, which are termed fat-lobules. Such 
formations are seen, in greatly varying amount, in the subcuta- 
neous tissue, the female breast, the omentum, and around the 
heart and the kidneys. The lobules being freely supplied with 
capillary blood-vessels, besides these contain only a small amount 
of a delicate fibrous connective tissue between the fat-globules. 

Fat-globules, which vary greatly in size, are inclosed by a 
delicate continuous layer, termed the capsule of the globule. In 
this capsule there is almost invariably found an oblong, nucleus- 
like body, which in edge view appears to be fusiform, and blends 
with the capsule. The fat substance proper contained in the 
capsule is semi-fluid, and can be pressed out on artiflcially ruptur- 
ing the capsule. Alcohol renders the fat coarsely granular, and 
causes it to shrink. Chromic acid solution, after a certain length 
of time, produces vacuoles in the fat-globule. Turpentine and 
oil of cloves dissolve the fat, and the nucleated capsule becomes 
plainly visible after the application of these re-agents. 

In fat-globules preserved for a period of several months 
in a one-half per cent, solution of chromic acid, J. A. Rockwell, 
in my laboratory, discovered bioplasson masses in the middle of 
the fat. These masses, as a rule, appear coarsely granular with 
lower powers of the microscope, often branch, and sometimes 
contain a central nucleus-like body. High ampliflcations show 
that the granules and the nucleus are interconnected by means 
of delicate filaments. It also occurs that the bioplasson forma- 
tion is flattened out near the capsule, or its granules are scattered 
at greater distances through a portion of the fat. Small globules 
contain one such granular formation, while large globules may 
hold two or more in addition to a varying number of scattered 

* According to L. Eanvier (“Des Lesions du Tissn Cellulaire lache dans 
I’CEdeme,” Comptes Eendus, 1871), in oedema produced by ligation of the vena 
cava and discision of one sciatic nerve of dogs, the connective tissue infil- 
trated with serum, twenty-four hours after the beginning of the oedema, 
shows cells, the peripheral protoplasma of which contains granules of a fatty 
appearance. Their refracting power is lower than that of fat, but if treated 
with a weak solution of chromic acid or bichromate of potassa, they become 
more highly refracting and smaller. These peripheral gi’anules seem to be 
composed, he says, of fat and an albuminous substance, just as in the devel- 
oping fat-cells. 
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granules. The grannies are, in most instances, of a dim, gray 
color, and readily distinguished from the surrounding yellow 
fat. These formations are evidently those long known in 
specimens obtained from emaciated persons, and preserved in 
alcohol, as the nucleated, stellate protoplasmic bodies within the 
capsule. The intra-capsnlar protoplasm, according to C. Toldt,* 
retains its vital contractility even in the highest degrees of 
emaciation, and from it fstarts, under favorable conditions, the 
formation of new fat. 

Fat-globules often contain a coloring matter, either diffused 
or in the form of pigment-granules ; and even in the fresh con- 
dition they may contain needle-like formations, usually termed 
margaric acid crystals. More recent chemical researches show 
that these crystals are much more complicated formations of fat- 
acids than was thought formerly. Such crystals are frequently 
seen in rancid fat, where they produce large, dark clusters of 
radiating needles, standing out like the bristles of a porcupine. 

Fat-globules originate from indifferent or embryonal plastids, 
which are considered by C. Toldt to be specific fat-formers. At 
first small gi*anules of fat appear, which by coalescence produce 
globules. It has been maintained that each plastid will furnish 
a complete fat-globule, often of large size ; whereas the researches 
of Flemming, Czajewicz, and others make it highly probable that 
a number of plastids are fused together in order to produce 
a large fat-globule. Flemming drew attention to the fact that, 
in highly emaciated fat-tissue, cells are often found which 
exhibit a proliferation of their nuclei, and even contain a large 
number of “young cells.” He terms this condition the “pro- 
liferating atrophy,” in contradistinction to the simple “serous 
atrophy.” Czajewicz asserts that the fat in rabbit disappears 
after a few days’ abstinence from food, but rapidly re-appears 
in the original globules upon the resumption of abundant feed- 
ing. The substance which under these conditions replaces the 
fat is said to be serum or mucus. In infiammation, the same 
observer noticed a splitting of the fat-globules into numerous 
plastids. 

From all these facts we may conclude that fat-tissue is closely 
allied to myxomatous connective tissue, although the metamor- 
phosis in each is materially different. 'A certain number of 
plastids changed to fat may coalesce into what we know to be 
a territory, in which unchanged portions of bioplasson are left. 

* Lehrbucli der Gewebelehre. 1877. 
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Around the territory a connective-tissue capsule originates, in 
a way similar to the formation of the myxomatous reticulum of 
fibers, and the nucleus in the capsule of the fat- globule is analo- 
gous to the nuclei found at the points of intersection of the 
myxomatous reticulum. 

(2) Striated or Fibrous Connective Tissue. The term “ connect- 
ive tissue” was employed by Johannes Muller, in 1835, for desig- 
nating the tela cellulosa of older anatoiqists. B. Eeichert, in 1845, 
first maintained the continuity of this tissue, and, considering 
it to be structureless, attributed the fibrous appearance to the 
presence of folds or striations. Virchow, in 1851, demonstrated 
the presence of corpuscles, the supposed hollow and so-called 
“ connective- tissue cells,” imbedded in the fibrous intercellular 
substance j and W, Kiihne, in 1864, proved by the means of 
electricity that these corpuscles possess vital properties — viz., 
contractility. 

At present we know that the tissue corpuscles, being bioplas- 
son formations, are imbedded in cavities of the basis-substance. 
The latter is eminently glue-yielding, and composed of numerous 
delicate spindles, arranged in lines. It is only after teasing of 
the specimen that an isolated fiber is discovered, while in the 
continuity of the tissue isolated fibers are not observed. 

We know, furthermore, that the fibrous basis-substance (syn- 
onymous with the matrix and intercellular substance of former 
histologists) is traversed by a delicate retienlum of living matter, 
whose meshes present an almost uniformly rectangular arrange- 
ment. This reticulum is visible within delicate bundles in speci- 
mens preserved in chromic acid, without the addition of any 
re-agents j or in other specimens by the use of re-agents, as 
described before (page 122), The alcohol treatment (page 141) 
also serves for bringing the reticulum to view. 

The basis-substance varies greatly in its degrees of density. 
It is very dense in the tendon, the sclerotic, the cornea, and less 
dense in the formations termed loose connective tissue,” The 
delicate spindles, which constitute the fibrillae by coalescing in a 
longitudinal direction, are separated from each other by a less 
dense so-called cement-substance, while bundles of fibers are 
separated from each other by a more liquid substance, which, as 
a rule, contains, besides the blood-vessels and lymphatics, numer- 
ous plastids, all being connected with each other as well as with 
the walls of the vessels and the reticulum in the basis-substance 
proper. In some varieties of this tissue the basis-substance, 
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instead of being fibrous, is composed of ribbon-like formations, 
as in the periosteum; and in others it is disposed of in flat 
layers, as in the cornea. In many instances we meet with an 
extremely dense basis-substance, termed the elastic substance, 
which either occurs in the shape of fibers at the boundary of 
territories, or almost entirely replaces the glue-yielding basis- 
substance. This formation appears in the shape of either a dense 
reticulum or a uniform flat layer. Examples of fibrous elastic 
basis-substance are found in the connective tissue of the derma 
of the skin, in the periosteum, etc. ; examples of an elastic retic- 
ulum are furnished by the Lig. nuchm, the adventitial coat of 
arteries, etc. ; examples of flat elastic layers are found in all the 
so-called “ hyaline or structureless membranes,” beneath epithe- 
lial and endothelial formations, in the sareolemma, etc. 

The different varieties of fibrous connective tissue may be 
classified according to the following characteristics : 

Delicate bundles of fibrous tissue, running mainly in one 
direction, and being separated by a basis-substance of slight 
density, form the so-called loose connective tissue — f. i., in the 
omentum and the arachnoid; 

Bundles of fibrous connective tissue, interlacing in all direc- 
tions, produce a felt-work structure — f. i., in the derma, the 
interarticular ligaments, the sclerotic ; 

Coarse bundles arranged in only a longitudinal direction are 
found in the tendons and in the articular ligaments ; 

Flat bundles transformed into ribbons, freely interlacing, 
appear in the periosteum, the dura mater, the pericardium, and 
the aponeuroses ; 

A coalesced layer of elastic basis-substance produces a flat, 
sheet-like formation — f. i., in the hyaline or basement layers, and 
in sareolemma ; 

Lamellated layers of considerable breadth, freely interlacing, 
build up the cornea. 

faj Delicate Connective Tissue Composed of Fihrillce., or of 
Comparatively Thin Bundles of Fihrillce. This variety, usually 
termed “ loose connective tissue,” is arranged in bundles, in which 
the fibers are connected by a small amount of a cement-sub- 
stance, soluble in lime and baryta water. Between the bundles 
are spaces which contain either a semi-fluid, viscid, myxomatous 
basis-substance or a lymph-like liquid. These spaces may become 
expanded by accumulation of a serous liquid, as in oedema, or of 
air or liquids introduced from without. 
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The plastids in the bundles are flat corpuscles, either irreg- 
ularly scattered or presenting a chain-like arrangement ; these 
bodies are frequently small, not surpassing the size of nuclei. In 
the myxomatous portion, however, they are larger, and have 
coarse offshoots, sometimes directly joining in a stellate form. 

The myxomatous portion 
may also contain, in a 
varying number, the “ mi- 
grating cells” of Yon 
Recklinghausen and the 
coarsely granular “plas- 
ma-cells” of Waldeyer, es- 
pecially in the neighbor- 
hood of capillary blood- 
vessels. Their significance 
is not yet understood, nor 
is their presence constant. 

The delicate bundles, if 
treated with dilute acetic 
acid, swell and are con- 
stricted in such a manner 
as to give the bundle an 
hour-glass or rosary-like 
appearance. These con- 
strictions are due, accord- 
ing to Henle, to the pres- 
ence of elastic fibers twined 
around the bundle, which 
are not acted upon by the 
acetic acid. Their origin 
is explicable, as I shall 
show hereafter, by the formation of territories, a number of 
which compose the bundle, while at the boundaries of the ter- 
ritories the basis-substance is solidified into elastic substance. 
A. RoUett maintains that the elastic fibers are offshoots of cells 
similar to the reticular variety of connective tissue 5 according to 
Franz Boll, these cells, originally twined around the biindle in 
shape of a reticulum, fuse in advancing development into an 
elastic membrane, which envelops the bundle and exhibits linear 
thickenings, branching after the manner of veinlets in leaves. 

The best examples of loose connective tissue are the arach- 
noid and the trabeculm traversing the sub-arachnoideal space. 
(See Fig. 55 .) 



Fig. 55 . — Arachnoid op the Spinal Cord 
OP AN Adult. 

Delicate bundles of fibrous connective tissue, B, 
run in different directions and contain very small 
idastids in the shape of oblong nuclei. The inter- 
stitial basis-substance slightly fibrous. E, a portion 
of the covering endothelium. Magnified 600 diams. 
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In serous membranes, especially in the omentum, the delicate 
bundles of fibrous connective tissue are arranged in the shape of 
a reticulum, the meshes of which are very large, constituting 
what has been termed “ areolar connective tissue ” (Hassal). 

The fibrillse, composing delicate bundles, freely interlace in 
the papdlary layer of the derma of the skin, and in the mucous 
membranes; whde in the subcutaneous tissue the bundles are 
coarser and their interstices contain the fat-lobules. Similar 
features are observed in the loose connective tissue around the 
eyeball and in the female breast. 

The delicate bundles of the pia mater are also interlaced, and 
generally enter the gray cortex of the brain and the white cortex 



Fig. 56. — Delicate Fibrous Connective Tissue from the Border 
OP THE Thyroid Cartilage op a Young Man. 

C, cartilage ; B, V. blood-vessels in transverse and oblique section ; G, dense fibrous con- 
nective tissue. Magnified 800 diameters. 

of the spinal cord in radiating directions. They are freely sup- 
plied with blood-vessels in their interstices, and upon entering 
the nervous tissue gradually divide, and their fibers form a delicate 
reticulum which supports the nerve-formations, the “ neuroglia ” 
of Virchow. 

In muscle, a delicate loose connective tissue is found around 
the muscle-fibers and their bundles (perimysium internum and 
11 
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exterimm) ; this tissue, especially in its juvenile condition, is 
freely supplied with large and branching plastids. 

Delicate fibrous connective tissue is often largely intermixed 
with other varieties of connective tissue in the form of either 
scattered fibrillee or interlacing bundles of fibrillae. It blends 
with the true myxomatous tissue, as well as with the dense 
fibrous varieties. Bundles of the latter, in the tendon and the 
interarticular ligaments, are surrounded and inclosed by loose 



Fig. 57 . — Interarticular Ligament from the Knee-joint of a 
Grown Dog. 

i, bundles cut in a longitudinal direction: C, bundles cut in a transverse direction; _P, 
the nucleated, finely granular i)lastids forming a continuous layer around the bundles. Mag- 
nified 500 diameters. 

connective tissue, which is the exclusive carrier of blood-vessels. 
(See Fig. 56.) 

fbj Dense Connective Tissue composed of Coarse Interlacing 
Bundles. The essential feature of this variety is the presence 
of comparatively coarse bundles, which, interlacing either 
at right angles or in an oblique direction, produce a very 
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firm and dense felt- work. The 

oMong or spindle-shaped plastids, 
of nuclei. The interstices be- 
tween the bundles, the inter- 
fascicular spaces, being filled with 
a more or less liquid substance, 
contain a continuous layer of 
plastids and a few blood-vessels. 
The bioplasson is freely supplied 
with nuclei, and by its arrange- 
ment between and around the 
bundles presents a reticulum simi- 
lar to that in the myxomatous tis- 
sue of the umbilical cord, the dif- 
ference being that in the latter 
the meshes contain a Jelly-like, 
myxomatous basis-substance, in 
the former a solid, fibrous one. 
The peripheral portions of the 
intervertebral disks and the inter- 
articular ligaments are examples 
of this tissue. We may cut. 
through such a tissue in any di- 
rection, and invariably meet with 
longitudinal, oblique, and trans- 
verse sections of bundles. While 
the longitudinal sections exhibit 
a dense striation or fibrillation, 
the transverse sections look ho- 
mogeneous or slightly dotted, cor- 
responding with the transverse 
sections of the fibrillae. (See 
Fig. 57.) 

In the derma of the skin, the 
bundles or groups of bundles are 
coarser the nearer they are situated 
to 

ward the surface they gradually 


bundles exhibit scattered 
often reduced to the size 



Fig. 58.- 
Eye. 


-Sclerotic of the Bull’s 
Vertical Section. 


i, bundles cut in a longitudinal direc- 
the subcutaneous tissue ^ to- tlon ; T, bundles cut in a transverse (iirec- 

tion ; O, bundles cut in an oblique direction ; 


P, the continuous interstitial bioplasson 
becomefiner, and in the uppermost containing numerous pigment gran- 

. ' ... , ules. Magnified 500 diameters. 

portion, the papillary layer, the 

bundles are extremely delicate. In the derma, too, the bundles 
are separated from each other by a continuous layer of nucleated 
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plastids, and in this layer scanty capillary blood- and lymph- ves- 
sels are found. Both blood- and lymph- vessels ramify the more 
the nearer they approach the surface^ so that the papillary layer 
has the greatest number of vessels. In every direction we meet 
with longitudinal, oblique, and transverse sections of bundles, the 
latter being characterized by a dull luster and a homogeneous or 
finely dotted appearance. At the periphery of the bundles we see 
elastic fibers branching at acute angles, in correspondence with the 
territories composing a bundle. The elastic basis-substance is 



Fig. 59. — Tendon or Achilles in a Longitudinal Section. Stained 
WITH Chloride of Gold. 

1-8 are tlio bundles, between -wlilcli tbe Interfascicular spaces are seen ; T, torn bundles 
exhibiting Isolated iibrillee. Magnified 100 diameters. 


marked by yellow color and high degree of luster ; it increases 
in amount with the age of the individual. 

The sclerotic shows bundles and groups of bundles, interlac- 
ing usually at right angles. In transversely cut groups we see 
that the single bundles are separated from their neighbors by a 
cement-substance, which, on account of its lower degree of den- 
sity, refracts the light less than the basis-substance of the bundles 
themselves. The groups of bundles are separated by a continuous 
layer of bioplasson, which therefore exhibits a reticular arrange- 
ment. In specimens from the sclerotic of dark-colored cattle 
this bioplasson layer is very prominent, owing to the presence 
of black pigment granules. (See Fig. 58.) 

(c) Dense Connective Tissue composed of Coarse Bundles run- 
ning in a Longitudinal Direction. The principal representative of 
this variety is the tendon. 
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In thin sections from a fresh tendon, or a tendon preserved in 
chromic acid solution, either stained with chloride of gold or not, 
we recognize with lower powers of the microscope that the tendon 
is made up of bundles of a finely striated tissue. All bundles 
are spindle-shaped, and vary greatly in size ; they are separated 
from each other by light interstices, in which, particularly in the 
injected specimens, the blood-vessels are seen to course along and 
around the bundles. The appearance of a bundle is striated as 
long as the continuity of the tissue is unbroken. But where the 



Fig. 60 . — Tendon op Achilles op a Young Person. Longitudinal 
Section. Chromic Acid Specimen. 


R, Lundies of striated connective tissue, here and there finely dotted; TO, tendon 
corpuscles within the bundles or between the smallest bundles ; IT, interstitial medul- 
larj' tissue carrying capillary blood-vessels, C. Magnified 600 diameters. 

razor has torn the bundle, isolated fibrillas appear, which, owing 
to their elasticity, retract and curl. (See Fig. 59.) 

Higher amplifications reveal that the larger bundles divide 
into a number of smaller ones, all of which exhibit a spindle 
shape, and in correspondence with the boundary lines of the sec- 
ondary bundles we see spindle-shaped plastids, either single or 
in rows or chains, and either nucleated, and, as a rule, pale 
granular, or reduced to the size of homogeneous or granular 
nuclei. All of these are included under the term “tendon 
corpuscles.” In advanced age the apparently isolated nuclei 
prevail, especially in the middle of the tendon, while in younger 
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individuals, and at the periphery of the bundles at any age, the 
rows and chains are more numerous. The interstices between 
the larger bundles contain, besides a few capillary blood-vessels, 
a large number of nucleated plastids, either isolated or united in 
a continuous layer. The sum total of these plastids, together 
with a slight amount of basis-substance, constitutes what we 
have called (see page 147) medullary tissue. In advanced age 
the medullary corpuscles are much less numerous, and a loose 
fibrous connective tissue carries the blood-vessels. Elastic fibers 
are, as a rule, not present at the borders of the bundles. A 
comparison between the plastids within and those between the 
bundles shows them to be alike in size and general appearance, 
with the only difference that those within the bundles are rela- 
tively few in number, while those in the interstices are very 
numerous. The view can, therefore, be maintained that between 
the larger bundles there are numerous, and between the small 
fasciculi, composing one bundle, there are few, plastids — a view 
which, as I shall later on demonstrate, proves useful for under- 
standing the structure of the tendon as well as its development. 
(See Fig. 60.) 

In the transverse section of a tendon we notice fields of basis- 
substance very finely dotted, the dots being the transverse sec- 
tions of the fibrilla*. In the bundles we recognize the granular, 
usually nucleated, plastids or tendon corpuscles, with numerous 
stellate offshoots, the “ wings ” of authors. Offshoots connect 
the plastids with each other and with the medullary tissue, or 
the loose fibrous connective tissue, present in the interfascicular 
spaces'. The smaller bundles do not usually show distinctly 
marked outlines, as neighboring bundles frequently coalesce, and 
are not separated by offshoots of the tendon corpuscles. When 
we recall the spindle shape of each bundle, we can readily under- 
stand why their sizes vary in transverse section. We may call 
a bundle a field which is completely surrounded by interfascicular 
tissue, and contains in its center a branching plastid, or, we may 
say, a larger bundle is composed of a number of smaller ones, 
though not distinctly separated, between which lie the branching 
plastids. The blood-vessels are met with only in the interfas- 
cicular spaces, running both in transverse and longitudinal direc- 
tions } they penetrate the tendon through the tenaculum, which 
connects it with its sheath, and the elongations of which con- 
stitute the interstitial formations between the tendon bundles. 
(See Fig. 61.) 
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In old animals, the loose interfascicnlar connective tissue is sometimes 
found freely supplied with elastic fibers. As Treitz and Kblliker have shown, 
the tendons attached to smooth muscle bundles are composed mainly of elas- 
tic fibers. L. Ranvier discovered at the periphery of the bundles of tendon 
flat “cell-plates,” arranged in rows, exhibiting elastic ridges, either single or 
in numbers up to five. His method of examination of tendon is teasing and 
pulling, and he pulled from preference rats’ tails, in order to obtain the broken, 
fringy ends of the delicate tendons along the vertebral column. After he had 
pulled and severed the tendons, he transferred the fringe to the glass slide, 
and, in order to prevent it from shrinking, sealed it at both ends to the slide. 
Although this method is not very inviting, pulling rat-tails became quite fash- 
ionable in the laboratories in Europe a number of years ago. Ranvier denies 
the existence of cell-formations in the tendon other than the endothelial 
plates. Perhaps these are flat, endothelial investments of the larger bundles 



Fig. 61. — Tendon op Achilles op a Young Person. Transverse 
Section. Chromic Acid Specimen. 

B, bundles finely dotted ; C, tendon-corpuscle with offshoots^ connecting with the intei-- 
fascicular tissue, LT; the latter contains the capillary blood-ve.ssels, jSF. Slagnified 500 
diameters. 

similar to the investing sheath of Boll, unquestionably present around the 
periphery of the tendon. Lowe has maintained that such an investmept is 
also found around the bundles of the tendon, but he has been contradicted 
by other observers. The elastic ridges are probably the place of attachment 
of neighboring bundles. 

One of the greatest difflcnlties encountered by former observe 
ers was to explain satisfactorily the wing-like offshoots of the 
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tendon corpuscles seen in transverse sections, as no trace of such 
formations is visible in longitudinal sections. This difficulty was 
overcome by the discovery of offshoots of the tendon corpuscles, 
brought into view in longitudinal sections by the silver and 
gold staining. The minutest features in the structure of the 
tendon are described on page 122, and illustrated in Fig. 37 and 
Fig. 38. 

The articular ligaments are formations closely allied to ten- 
don ; between their bundles, however, a greater amount of loose 
connective tissue is found than in the tendon. 

(d) Dense Connective Tissue composed of Interlacing Ribbons. 
This variety is essentially constructed in the same manner as 
tendons, but instead of spindle-shaped bundles, we find flat, rhom- 
boidal ribbons. Periosteum is representative of this tissue, a 
description of which is given on page 125. The elastic fibers bor- 
der each ribbon or subdivide it into smaller rhomboidal fields, a 
feature which is explicable by the history of development of the 
territories of the ribbons. 

In the dura mater and the pericardium, the bundles are dis- 
tinctly striated and not quite so flat as those in the periosteum. 

In aponeuroses, the bundles, in accordance with the general 
sheet-like form of this tissue, are flattened and interlaced, chiefly 
in a rectangular direction. The interstices between the bundles 
are quite narrow, but plastids are observed here as well as in the 
tendon. 0. Ludwig, who forced colored liquids into these inter- 
fascicular spaces, mistook the beautiful rectangular reticulum 
thus obtained for lymph-spaces. Formations kindred to apon- 
euroses are the fasciae and the tendinous capsules of different 
glandular organs — f. i., the capsule of the kidney, the albuginea 
of the testis, the sheath of the cavernous bodies of the penis, etc. 

In some ligamentous formations, such as the Lig. sub-flava of 
the vertebrae, the Lig. nuchae, the membr. thyro-cricoidea, the 
Lig. stylo-hyoideum, etc., the fibrous basis-substance is almost 
completely transformed and condensed into the yellow, elastic 
substance which appears in the form of branching reticular 
fibrillae, between which are scantily found bundles of striated 
connective tissue. 

. (e) Coalesced Layers of Elastic Basis-sub.stance, arranged in a 

sheet-like manner., are often found at the borders of connective- 
tissue formations, close beneath epithelial and endothelial layers. 
They bear the names of hyaline, structureless, or basement mem- 
branes, in contradistinction to “cuticular formations” of a similar 
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appearance found l?etween epithelial layers — f. i., between the 
root-sheaths of the hair. 

Elastic membranes certainly are not structureless, but exhibit 
a reticulum of living matter of extreme delicacy, concealed in 
the fresh condition by the highly refracting elastic basis-substance. 
I am positive that such a reticulum is present in Bowman’s and 
Descemet’s layers of the cornea. By means of this reticulum, the 
connective tissue is held in living union with the epithebum. 
Such membraneous formations may vary greatly in width, even in 
the same tissue, — f. i., the cornea, — and sometimes they may be 
entirely absent. They, when present, resist the action of acids 
and alkalies, and, to some extent, the inflammatory process. 

Elastic membranes of the connective-tissue series are the fol- 
lowing: Bowman’s layer at the outer and Descemet’s layer at 
the inner surface of the cornea,* the capsule of the crystalline 
lens and the hyaloid membrane of the vitreous body ; the layer 
between the outer root-sheath and the follicle of the hair ; the 
elastic layer beneath the endothelial coat of larger arteries ; and 
the investing, sometimes fenestrated, layers beneath epithelia of 
glands^ — f. i., the salivary, the mammary glands. In the kidneys, 
the connective tissue of the capsule of the tuft, also that which 
lies between the tubular formations, contains a large amount of 
elastic substance, which produces a very firm support for the 
epithelia. 

The striated muscle-fibers, with the exception of those of the 
heart, are invested by an elastic membrane, termed sarcolemma ; 
so are the meduUated nerves around the axis-cylinder and around 
the myeline — i. e., axis-cylinder sheath and myeline sheath. 

ffj Lamellated Layers of Fibrous Interlacing Connective Tissue. 
The only representative of this variety is the cornea of the eyeball, 
the basis-substance of which, although morphologically closely 
allied to that of elastic substance, is chemically different from 
both “ elastine ” and “ chondriiie.” A. Rollett (1859) proved that 
the “ amorphous ” basis-substance of former histologists consists 
of bundles of connective tissue, which are connected by a kind 
of cement-substance soluble in lime-water and in baryta-water. 
The main feature of the cornea is that the bundles join to form 
very thin flat layers, the lamellas; while these lamellae them- 
selves are connected by somewhat looser bundles, traversing the 
less condensed interstices between them. 

In the fresh cornea no trace of plastids (cornea corpuscles) is 
visible ; but if the cornea be kept in an indifferent liquid, after a 
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while faint traces of these corpuscles become perceptible, exhibit- 
ing- a few scanty offshoots. The shape of these eoi’puscles varies 
greatly in different portions of the cornea, as well as in the cor- 
nea of different animals. 

A clear idea of the nature of the cornea corpuscles can be 
obtained only by resorting to re-agents. Yon Recklinghausen 
(1862) first brought to view the beautiful light and branching 
spaces in a dark basis-substance by applying nitrate of silver. 
He considered them as lymph-spaces or juice-canals, supposing 
them to be the beginnings of the lymphatics proper. In these 
spaces, he thought, the ^^cornea-cells” were suspended. (See 


Fig. 62 . — Lamella of the Cornea op a Grown Cat, Stained 
WITH Nitrate of Silver. 

8, liglit branching spaces with serrated edges, traversing the dark hrown granular 
liasis-siihstance. B, F, tihers connecting the lamellaj and torn by the process of splitting the 
lamellae. Magnified 600 diameters. 

Later researches have shown that the “ lymph-spaces ” of the 
cornea are closely related to the cornea-cells, which were mean- 
while demonstrated by W. Kuehne (1864) and others to be 
composed of contractile protoplasm, and endowed wdth properties 
of life. The method of gold-staining has proved to be the most 
valuable for revealing the structure of the cornea corpuscles and 
their relation to the basis-substance. (See Fig. 63.) 
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Eesearches on the Microscopical Structure of the Cornea. 

By William Hassloch, op New York.* 

It is generally acknowledged that the substantia propria of the cornea is 
made up of fibrils united into fascicles ; that the majority of these bundles, 
by being more or less parallel to the surface of the cornea, form the lami- 
nated structure of the latter, at the same time crossing one another, and so 
giving rise to a kind of lattice-work ; while other fibers and bundles traverse 
the cornea in various directions. The fibrils, as well as the fascicles and 
lamellae, are connected with one another by an intermediate cement-sub- 
stance, which somewhat differs from the fibrils in its chemical reaction. 



Fig. 63. — Lamella op the Cornea op a Grown Cat, Stained with 
Chloride op Gold, after Previous Treatment with Dilute Lac- 
tic Acid. 

C, (lark violet nucleated cornea corpuscles, traversing the pale violet granular basis- 
substance, B. W, iierve-flbrilliB, connecting with cornea coriniscles. Magnified .lOO 
dianietei’s. 

But, concerning the relation of the protoplasm to the basis-substance, 
observers are of very different opinions. Some of them do not admit the 
existence of the protoplasmic bodies at all, asserting that within the basis- 
substance of the cornea only a tubular system is present, lined with ‘‘ cell- 
plates.” Other histologists hold the view that there is a certain cj[uantity of 
protoplasm (cells of the cornea) inclosed in the ‘‘serous spaces,” in which it 
ramifies, but which it does not completely fill. One of the most prominent 
advockrtes of the latter opinion is W. Waldeyer,t deriving his views chiefly 

* “Archives of Ophthalmology and Otology,” vol. vii., 1878. 

t Article “ Cornea,” in Graefe-Saemisch’s Hand-book, 1874. 
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from the results of injections made by him and other recent observers into 
the tissue of the cornea. Fluids, pressed into the corneal parenchyma, 
produce, indeed, ramified figures resembling the comeal corpuscles.” W. 
Kuehne, S. Strieker, and A. Eollett state that there are complete comeal 
cells with protoplasmic bodies, with nuclei and nucleoli, within the ramifying 
spaces, and that they fill these spaces completely. W. Engelmann denies the 
existence of preformed spaces inclosing corneal cells, etc. He states that 
there are spaces containing nothing but protoplasm, and this is, in my opinion, 
the only correct view, as I shall endeavor to prove. 

In order to study the relation of the protoplasm to the basis-substance, I 
chose the cornea of the dog and of the cat, giving preference, after repeated 
trials, to that of the cat, as has previously been done by S. Strieker, on 
account of its easy splitting. With some practice one may succeed in obtain- 
ing lamellae which present two or even only one layer of corneal corpus- 
cles, and which, therefore, are sufficiently transparent to admit of being 
examined even with the highest powers of the microscope. 



Fig. 64. — Lamella of Cornea op a Cat, Aged One Year and a Half, 
Stained with a Two per cent. Solution op Nitrate op Silver. 
Two Layers. [Published in 1878.] 

8, light flekls with pale granular contents, faintly marked nuclei, and coarse and fine 
processes. Every light field has perforated Borders, and thus abundantly communicates 
with a delicate light net-work which traverses the dark brown basis-substance, B, in all 
directions. Magnified 1000 diameters. 

To stain the cornea, I at first tried nitrate of silver. The cornea of a cat 
was taken out immediately after death, and was put into a two per cent, 
solution of nitrate of silver for one-half to one hour ; then it was washed with 
distilled water, and, finally, for several days left under the influence of a very 
mild dilution of acetic acid. Instead of the acetic acid, in later experiments, 
I substituted lactic acid, which proved even more satisfactory than the 
former. After being prepared in this way, the cornea of the cat was ready 
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to be split into lamellae. The specimens were mounted with equal parts of 
glycerine and water. 

With enlargements of 300-500 such lamellae show in a dark ground — 
basis-substance — light fields with numerous connecting branches, generally 
known as Von Recklinghausen’s serous canaliculi; and even an enlargement 
of 500 is sufficient to prove that the outlines of these light spaces do not 
appear smooth at all, but granular — viz., abundantly perforated, and that 
the brown or gray-brown looking basis-substance is finely granular. 

With higher powers (immersion lenses, with enlargements of 800-1200) 
the following facts are observed : Within the light spaces oblong nuclei, with 
very faint contours and a great number of extremely pale granules, are visible. 
The light spaces are connected with their neighbors by light processes of 
various sizes, traversing the basis-substance. The borders of these light 
fields and their branches are abundantly perforated, like a sieve, throughout, 
so that true outlines do not exist. Fine, light tracts run from every light 
space and its branches through the basis-substance, profusely ramifying and 
anastomosing, sometimes radiating, and thus forming an extremely delicate 
light net-work, the threads of which traverse the basis-substance in all 
directions, and connect with the light fields and their processes at the whole 
circumference. What with lower power was recognized as granular struct- 
ure is by higher enlargements elucidated as a very fine light net-work, the 
meshes of which are filled by the dark brown basis-substance. (See Fig. 64.) 



Fig. 65. — Cornea of a Cat, Two Years Ole, Stained with Nitrate 
OF Silver. Transverse Section. [Published in 1878.] 

S, light fields containing fine pale granules, with coarse and fine light offshoots. AT, nerve- 
flhers in eonnection with the light reticulum, which traverses the dark brown basis-sub- 
stance, B, througliout. Magnified 1000 diameters. 

On thin transverse sections the silver-stained cornea of the cat shows the 
same ramifying light fields as in split preparations, with the only diiference 
that their vertical diameters are notably smaller, while their horizontal diam- 
eters are the same as those of the light fields of the lamellae. The light spaces 
branch out in all directions, so that not only the light fields of the same 
stratum are connected with each other, but even those of diiferent layers 
anastomose by ascending and descending — more or less oblique — processes. 
Besides these ramifications, especially in the outer strata of the cornea, some 
fine straight light lines are met with, which, for reasons given below, are 
proved to be nerve-fibers. On transverse sections, also, the brown basis- 
substance is traversed by light ramifying tracts, to such an extent that the 
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cement-substance cannot be distinguished from the other components of the 
cornea. (See Fig. 65.) 

Further, I tried to stain the cornea of the dog and of the cat with chloride 
of gold. Many experiments failed, though I had exposed the cornea to the 
influence of the chloride of gold for hours. The after-treatment with acetic 
and tartaric acid gave only negative results. I could never see distinct 
cornea corpuscles with their ramifications until, at last, by the aid of lactic 
acid, I succeeded in obtaining specimens of such beauty and clearness, that 
all doubt with regard to the finest structure of the cornea disappeared. 

My method is the following : The cornea of a eat is taken out immediately 
after death, soaked in a ten per cent, solution of lactic acid for a period of 
about twelve hours ; then during one or two hours it is kept in a one-half per 
cent, solution of chloride of gold, slightly acidulated by the addition of a few 
drops of lactic acid, and finally exposed to the influence of daylight. The 
superficial strata of the cornea and a peripheral border of one mm. turn yellow. 



Fig. 66. — Lamella of the Cornea op a Cat, Two Years Old, Soaked 
IN Diluted Lactic Acid and then Stained with a One-half per 
CENT. Solution op Chloride op G-old. [Published in 1878.] 

F, (lark violet flekls, the cornea corpuscles, the nuclei of whicli are mostly hidden, witli 
offshoots of different sizes. Tlie cornea corpuscles and their offslioots are connected with a 
dark violet net- work traversing the p.ale violet hasis-suhstance F ; the latter net- work shows 
broader meshes than tliat of the corpuscles and their hranches. Magnified 1000 diameters. 

and are of no use for examination, but the other part, the characteristic 
purplish tint of which shines through the yellow envelope, is invaluable for 
research. After having made the above described experiments, I learned 
that F. S. W. Arnold, of New York, had previously used lactic acid for 
the reduction of chloride of gold ; but he informed me that his method differs 
from mine, inasmuch as he uses the chloride of gold in the first stage of the 
preparation, followed by the lactic acid — just the reverse of my plan of 
treatment. 
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The cornea of the cat, prepared after my method, splits readily, and its 
lamella, after turning dark enough by the influence of daylight, appear under 
the microscope throughout their whole extent strewn over with numerous, 
richly ramifying, dark violet corpuscles. In many of the latter the nuclei are 
distinctly visible ; the corpuscles themselves crowded with dark granules ; the 
basis-substance light, pale violet, and also having a granular appearance. I 
have searched through a great many lamellae, but I have never found any 
corpuscles that did not shoot off into branches ; everywhere and always I met 
with only ramifying, dark violet corpuscles, with numerous connections and 
in different strata of varying sizes. The dark violet fields fully coincide with 
the light spaces of the silver-stained cornea as to size, figure, and connections, 
as has been stated by W, Kuehne. The only difference is that in the silver 



Fig. 67. — Lamella op the Cornea op a Cat, Two Years Old, Stained 

WITH A OnE-HALP per CENT. SOLUTION OP CHLORIDE OP GOLD, APTER 
HAVING BEEN SOARED WITH DILUTED LACTIC ACID. [PUBLISHED IN 1878.] 

P, (lark violet fields, tlie cornea corpuscle.s, with only a few hi-oad oifslioots, hut numerous 
dark violet, tliread-like connections, non-medullated nerve-fihers, N, the latter partly travers- 
ing tlie coi’uea corpuscles and partly joining the net-work of the same ; between the cornea 
corpuscles and tlie net- work of the hasis-suhstance, B, extremely fine retiform connections 
are present ; the latter net-work also connects with delicate nerve fihrillee, B. Magnified 
1000 diameters. 

specimen light fields are visible in a dark ground, while in the gold specimen 
the dark corpuscles appear in a light ground — pictures which correspond 
with each other as the negative with the positive photograph. 

Gold specimens examined with high powers (800-1200) show that the 
dark violet ramifying corpuscles, without exception, have a retiform structure, 
and that the nucleoli, the contours of the nuclei, and all the granules are con- 
nected with one another by innumerable fine threads. The whole net-work 


176 


CONNECTIVE TISSUE. 


is tinted equally dark violet, while its extremely narrow meshes appear pale 
violet. (See Fig. 66.) 

The borders of the corpuscles and their branches are nowhere distinct; 
contours in tlie real sense of the word are wanting in the gold specimen as 
well as in the silver specimen, inasmuch as from the whole circumference of 
these ramifying, dark violet fields immense numbers of fine threads protrude, 
to join their neighboring dark violet granules within the basis-substance. The 
examination of any portion of such a specimen will not fail to convince the 
observer that also in the basis-substance nearly all dark granules are inter- 
connected by fine threads. The cause of the difference between the shade of 
the cornea corpuscles and that of the basis-substance is, that in the former the 
granules are larger and lie close together, and consequently the meshes are 
very small, while within the basis-substance the granules are mostly fine and 
more dispersed, and for this reason are separated from one another by larger 
meshes. 

In some lamellae, and, as it seemed to me, principally in the outer layers 
of the cornea, many corpuscles are connected with one another, not by broad 
branches, but by dark violet, more or less straight lines, which, for their 
characteristic rosary-like structure must be considered uon-medullated nerve- 
fibers. (See Fig. 67.) 

, In profile, the gold-stained cornea of the cat offers another proof of the 
coincidence of the positive gold image with the negative silver specimen. 



Fig. 68. — Cornea of a Cat, Two Years Old, Stained with a One- 
half PER CENT. Solution of Chloride of Gold, after being 
Treated with Diluted Lactic Acid. Transverse Section. [Pub- 
lished IN 1878.] 

P, dark violet Helds -with broad branches and with fine offshoots, the latter being nerves, 
A"; the net-work of the dark fields everywhere Is in connection with that of the basis-sub- 
stance, B. Magnified 1000 diameters. 

Flat, elongated, dark violet bodies are visible, which, in the horizontal direc- 
tion, anastomose with one another by means of fine long processes ; while 
broad, rather oblique, dark violet branches ascend and descend to connect 
the corpuscles of different layers. The net-work of the dark fields and that 
of the* basis-substance are shown with the same clearness as in split speci- 
mens. The laminate structure of the cornea is just as imperceptible in these 
transverse sections as it is in those of the silvor-stained cornea. (See Fig. 68.) 

In transverse sections of the gold-stained cornea of a dog I observed, espe- 
cially in the central parts of the cornea, formations which sufficiently explain 
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the views of W. Waldeyer, who maintains that the cornea corpuscles do not 
completely fill the “ serous spaces.” There I saw groups of cornea corpuscles 
which leaned mainly against one of the walls of the space, while a more 
or less considerable portion of the latter appeared empty. A closer exam- 
ination, however, proved that these apparent voids are artificial products, 
namely, vacuoles. It can be observed that the eccentric cavity is situated 
within the cornea corpuscle, and on its whole circumference is inclosed by the 
protoplasm of the cornea corpuscle. No matter how thin the strip of pro- 
toplasm which is interposed between the vacuole and the periphery of the 
“ serous space ” may be, it is always present. It is known that such vacuoles 
can arise from contraction of the living matter within the protoplasm. The 
question why these contractions, perhaps as a result of the action of the 
chloride of gold, were observed only in certain groups of cornea corpuscles, 
remains unsolved. In the cornea of the cat I have never met with any forma- 
tions of this kind. 

From these observations it clearly follows that a tubular system, as 
described by Von lleclclinghausen, does not exist in the cornea at all. The light 
fields which the silver specimens of the cornea show are not “serous 
spaces,” but protoplasmic bodies, as stated by W. Engelmann and others, viz., 
spaces which are wholly filled with protoplasm. The strongest proof of this 
assertion is found in the result of the method of staining the cornea with 
chloride of gold, improved by the treatment with lactic acid, as it exhibits the 
cornea corpuscles in perfectly clear images, which in every particular corre- 
spond to the negative silver images. Whether an interstice filled with fluid 
remains between the wall of the so-called serous space and the protoplasmic 
body or not, I will not yet venture to decide ; but as the protoplasm itself 
contains a considerable amount of fluid, it is not necessary to admit the pres- 
ence of peripheral cavities filled with serum. Wherever an interspace between 
a cornea corpuscle and the wall of the “serous space” can be observed, its 
presence depends upon the formation of a vacuole, and cannot, therefore, be 
maintained in opposition to my view. Nor do the parenchymatous injections 
prove anything contrary to it, for it is apparent that colored fluids, which 
are forced into the protoplasmic spaces, will press the soft protoplasmic 
bodies against the walls of such spaces, and thus assume the principal forms 
of the latter. 

My observations further show that the protoplasm of the cornea cor- 
puscles has a-retiform structure, which can be demonstrated by the above- 
described method of staining the cornea with chloride of gold. The question 
whether or not this reticulum be an artefact should no longer be a matter of 
dispute, since in the creeping amoeba, in colorless blood-corpuscles, and in 
pus-corpuscles the same net-work has been demonstrated, and by photogra- 
phy made visible even to the naked eye. That this net-work (nucleoli, bor- 
dering layer of the nucleus, granules, and connecting threads) is the living 
niatter, the meshes of which inclose the lifeless protoplasmic fluid, is proved 
as well by the reaction of the chloride of gold, as also by the appearances 
observed in inflammation, which S. Strieker has so carefully studied and 
illustrated. 

Finally, my observations show that the living matter thoroughly traverses 
the fibrous basis-substance of the cornea in the form of an exquisitely deli- 
cate net-work, the existence of which is proved beyond all doubt by the 
correspondence of the negative silver with the positive gold specimens, 
12 
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thougli in the fresh condition of the cornea it is as imperceptible as are the 
cornea corpuscles themselves. If wandering bodies exist within the normal 
cornea, — I have never met with them, — such bodies will find their paths only 
in the cement-substance, never within the lamellae. As the lamellae are con- 
nected with each other by innumerable fine threads of living matter, which 


Fig. 69 . — Periosteum op the Femur op a New-born Pup. Transverse 
Section. [Published in 1873 .] 

F, striated tissue of periosteum ; S, spindle-sliaped plastids in the formation of a striated 
basis-substance ; M, medullary tissue between the i)eriosteum and the bone ; 0, medullary 
corijuscles in the formation of bone-tissue ; B, fully developed bone-tissue. Chromic acid 
specimen. Magnified 800 diameters. 

penetrate the cement-substance, — not taking into consideration the connect- 
ing broad, oblique bundles of fibers, — the reason why such wandering bodies 
move in zigzag lines is readily comprehended. 

As for the finer structure of the cornea, I fully agree with C. Heitzmann’s 
views regarding the connective tissue in general. The living connection of 
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the protoplasmic bodies, which this observer has discovered in the myxoma- 
tous and fibrous connective tissue, as well as in that of the cartilage aiid 
bone, has been successfully demonstrated by me in the cornea also. The 
living matter presents in connective tissue two different net-works : a narrow 
one, the meshes of which are filled with fiuid, — protoplasm, — and another 
with broader meshes, traversing the basis-substance. 

Development of Fibrous Connective Tissue. This article is a 
translation of a publication which I made in 1873.* I have 
nothing to add to the conclusions drawn at that time, but shall 
make the explanation of the observations a little more detailed. 



Fig. 70. — Periosteum of the Femur of a New-born Pup. Longitu- 
dinal Section. Chromic Acid Specimen, Slightly Stained with 
Chloride of Gold. [Published in 1873.] 

M, layer of medullary corpuscles ; J, layer of cori)uscles iu the stage of indlflFerence, ])re- 
ceding the formation of hasis-suhstance ; C and Ci, spindles of basis-substance of fibrous 
connective tissue ; H, elastic ledge. Magnified 800 diameters. 

In transverse sections of a shaft-bone of a newly born pup, we 
recognize between the striated periosteum and the bone-tissue a 
broad layer of medullary tissue, into which project a few striated 
bundles of the periosteum proper.! (See Fig. 69.) 

* “ XJntersuchungen fiber das Protoplasma. IV. Die Entwiekelung der 
Beinhaut, des Knochens und des Knorpels.” Sitzungsber. der Kais. Akad. 
der Wissenschaften in Wien. July, 1873. 

t Th. Billroth (“Archiv f. Klin. Chirurgie,” Bd. vi.) termed this layer 
“cambium.” A. Rollett (‘‘Manual of Histology,” by S. Strieker) illustrates 
it in a transverse section of the fore-arm bone of a human embryo, five 
months old. 
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In longitudinal sections from the surface of a shaft-bone of 
the same animal, we see in the periosteal tissue different forma- 
tions corresponding to the stages of development of protoplasma. 
Between longitudinal bundles of narrow, bright ribbons we 
recognize fields of corpuscles like those of the medullary tissue, 
or chains of such corpuscles with distinct vesicular nuclei. Fur- 
thermore, we see fields of flat, spindle-shaped protoplasmic bodies 
of greatly varying size, and with either indistinct nuclei or none. 
There are fields composed of flat, rhomboidal protoplasmic 
bodies, some of which exhibit formations like nucleoli. We also 
meet with fields, the rhomboidal bodies of which appear homo- 
geneous, and slightly shining. Lastly, we encounter ribbons 
and ledges, composed of very much elongated rhombs, character- 
ized by a peculiar yellowish color and a considerable luster. The 
slightly shining fields are the connective-tissue ribbons proper of 
the periosteum ; while the highly refracting ribbons and ledges 
are termed elastic. (See Fig. 70.) 

The examination of good chromic acid specimens, better still 
such specimens slightly stained with chloride of gold, convinces 
us that each larger field is separated from the neighboring fields, 
and within the fields eai'h granular or homogeneous corpuscle from 
the neighboring corpuscles, by a narrow light rim, which is invari- 
ably traversed by delicate grayish spokes. Even in the narrow 
elastic ribbons a faint transverse striation is here and there seen. 

In such a specimen, deeply gold-stained, the differentiation of 
fields and ribbons disappears, and there become visible at certain 
intervals spindle-shaped, dark violet bodies, corresponding to the 
protoplasmic bodies, w’hile the rest of the tissue is split up into a 
reticulum, with either fine or coarse granules as nodular points. 

The periosteal tissue is composed of narrow, spindle-shaped 
fields, wherever it exhibits a striated or fibrous appearance. In 
portions made up of broad ribbons, on the contrary, each field 
represents an elongated rhomb, in which lie, at pretty regular 
intervals, oblong, flat, nucleated protoplasmic bodies (the “ peri- 
osteum eeUs ”)• Between the rhombs are narrow, bright ledges, 
the elastic fibers, which either connect several rhombs into large 
bundles, or subdivide a single rhomb into smaller rhomboidal 
fields of varying size. At the corners of the rhombs the elastic 
fibers are interconnected with acute angles. 

If, owing to a laceration of the tissue with the razor, a 
broader, slightly shining ribbon projects from the border of the 
specimen, we often see at its edge, either on one side or on 
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both, a very bright strip demarcating the ribbon from adjacent 
protoplasmic bodies. 

In the periosteal tissue of a new-born pup, therefore, we are 
enabled to trace the transitions of different forms of medul- 
lary elements into sometimes narrow, sometimes broad and flat, 
spindle-shaped protoplasmic bodies. We become convinced that 
by a gradual change of the latter arise both the “ connective tis- 
sue” and the “ elastic fibers.” 

The development of the connective tissue in general is a much 
disputed, and to this day unsolved, question. 

In looking over the vast literature on this subject, we may sum up all the 
views of prominent observers into two theories. One of these may be termed 
the secretion theory ; it implies that the intercellular- or basis-substance is pro- 
duced by a sort of secretion of the cells from an originally homogeneous mass 
between the cells. The other, which may be styled the transformation 
theory, maintains that the cells themselves are transformed into basis-sub- 
stance, either by a process of splitting in their entirety, or by a process of 
transformation of the cell-protoplasm at its peripheral portions. 

Secretion Theory. Henle * was the first to assert that an originally homogene- 
ous substance splits into fibrillee and bundles of fibrillge. According to Eeichert, 
the homogeneous substance proceeds from a fusion of the cell-membranes with 
an intercellular substance, and the fibrillge are only the optical expression of the 
foldings of this substance. The fusiform cells present in embryonal connect- 
ive tissue, according to Virchow, Bonders, Gerlach, and Kolliker, do not 
share in the formation of fibers, but persist, as Virchow expressed it, as cells, 
or are converted into a plasmatic canal-system. The last-named observer is 
the originator of the idea that the intercellular-substance is a product of 
secretion of the cells, and this view prevailed for quite a time. Among the 
recent observers, A. Eollett, L. Eanvier, and I. Kollmann advocate the modi- 
fied theory that fibrous basis-substance may, to a certain extent at least, orig- 
inate independently of cells. 

Transformation Theory. Th. Schwann t first maintained that the cells, after 
being elongated, split into bundles. After Max Schultze’s discoveries concern- 
ing the protoplasma, + the theory of Schwann was modified. Max Schultze held 
that the fibrous basis-substance of connective tissue arises from a coalescence 
of embryonal cells composed of protoplasm, and destitute of an investing mem- 
brane, and that a thin layer of unchanged protoplasm remains around the 
nucleus of the primary cell representing the connective-tissne cell. Lionel 
Beale, in England, § independently of the German observers, expressed sim- 
ilar views ; he claimed that the connective tissue is originally made up of 
elementary parts, consisting of germinal matter, and that subsequently a 
part of the germinal matter is converted into formed material. According to 
these views, the originally living protoplasm is, by chemical and morpho- 
logical changes, transformed into the lifeless basis-substance, though the cen- 

* “Allgemeine Anatomie.” Canstatt’s JaliresUericht, 1845. 

t “ Mikroskopisclie Untersucliungen,” etc. Berlin, 1839. 

t Reichert and Du Bois Reymond’s Archlv. 1861. 

i “ The Structure ol the Simple Tissues ot the Human Body.” 1860. 
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tral portion of the cell may remain unchanged protoplasm. This theory was 
adopted, with more or less modification, by E. Brueke, Franz Boll, Waldeyer, 
and others. Briicke’s pupils corroborated the original view of Schwann — viz. : 
that the fibers of connective tissue originate directly from offshoots of the 
cells. 

Elastic Substance, The elastic fibers, first discovered by Bonders,* were 
thought to be by this observer the product of etnbryonal fusiform cells which 
liave passed through transitional forms into a plexus of elastic fibers. This 
view was confirmed, with certain changes adapted to the protoplasma theory, 
by F. Boll and A. Spina. 

Territories. An important discovery concerning the structure of the basis- 
substance was made by Fiirstenberg t — viz. ; that certain chemical re-agents 
may break up the basis-substance of cartilage into globular or polyg- 
onal fields, inclosing the central cell. He took these fields, the ^‘territo- 
ries,” for products of secretion of the cells. Virchow t corroborated this 
discovery, and based very important biological views upon their presence 
(see page 136). He considered the central cell the queen of the territory, and 
all changes of the latter as depending upon the changes of the cell. R. Hei- 
denhain § also made noteworthy researches as to the territories of the hyaline 
cartilage. 

I have stated on a previous oecasion (see page 132) that the 
territories, which are traceable in all higher developed varieties 
of connective tissue, are the true units of this tissue ; so that 
anybody who understands the development of a single territory 
understands that of connective tissue in toto. 

From what I have described as to the basis-substance of the 
earliest formation, — viz. : the myxomatous basis-substance of 
medullary tissue (see page 11 8, Fig. 33 and Fig. 34, and page 147, 
Fig. 47), — it is obvious that I essentially agree with those observ- 
ers who have maintained a direct transformation of the proto- 
plasm into basis-substance. I assert, in entire accord with Max 
Schultze and Lionel Beale, that every territory originates from 
coalescence of protoplasmic bodies — plastids. 

If we recall the fact (see page 133) that the basis-substance of 
a number of tissues is traversed by a delicate reticulum of living- 
matter, we can realize that in the process of the formation of a 
tissue no living matter, certainly not all of it, perishes, but that 
it merely becomes invisible in the portions infiltrated with basis- 
substance. 

If we, furthermore, recall the fact (see page 46) that the pro- 
toplasma itself goes through phases of development, we can also 
realize that the living matter appears in varying groups and 

* “ Zeitsclirift f. Wissenscliaftliclie Zoologie.” Btl. iii. 

t “ Muller’s Archiv.” 1857. 

t “Cellular Patliologie,’’ i. Aufl., 1868. 

§ “Studien ile.s Pliysiolog. Institutes zu Breslau,” ii. 1863. 
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aecumulations — viz. : as a compact lump, as a nucleated body 
(plastid), or as a reticulum infiltrated with basis-substance. 

It is not proved that the living portion of protoplasma is really 
ever changed into basis-substance ; I have discovered the living 
matter, just as seen in medullary tissue, in places in which the 


O 



Fig. 71 .— Diagrams of the Development of Connective Tissue. 

S, iliagram ot tlie secretion theory : a, tlie emljryoiial cell; b, the cell enlarged and its 
l>e3'ix>hery transformed into basis-substance; c, the cell in middle of tlio considerably aug- 
mented basis-substance. T, diagram of the transformation theory : a, a number of medullary 
cori)uscles, grouped in the shape of tlie future territory ; b, the periiiberal iiortion ot proto- 
plasm transformed into basis-substance ; c, the cell in middle of basis-substance, sprung from 
a transformation of the peripheral protoplasm. B, diagram of the Moplasson theory: a, a 
number of x>Iastids grouped in the shaxie of the future territory, all being reticular in struct- 
ure and interconnected ; b, the plastids coalesced, of the iieripheral ones only the nuclei left ; 
c, tlie formation of basis-substance accomplished, the central free plastid being tlie connective- 
tissue corxmscle, with coarse and delicate offshoots into the basis-substance. 

protoplasm was formerly thought to have perished ; nor is there 
any necessity, indeed, to assume that the basis-substance is a 
product of the living matter ; for it may just as well be held 
that nothing hut the liquid originally filling the meshes of the living 
y’eticulnm is transformed into hasis-suhstance. 
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In this case, we have simply to assume that solution or lique- 
faction of an already formed basis-substance sets free the living 
matter, and that the new grouping into lumps and elements 
(plastids) depends upon the formation of a new basis-substance 
in the mesh-spaces. This newly formed basis-substance will look 
striated or fibrous if the groups be spindle-shaped, such as in 
tendon and young bone-tissue ; it will be ribboned if the groups 
be flat plates, such as in periosteum ; it will appear lamellated 
should the groups be lenticular bodies, such as in bone-tissue ; 
or, lastly, it will become globular with the formation of globular 
masses, such as in hyaline cartilage. 

Within the hasis-suhstance, the reticulum of living matter and 
the central portion of the protoplasma., the ‘‘ cell,’’ or plastid,” 
remains intact. From the central corpuscle the reticulum ema- 
nates, according to the shape of the unit of the tissue, either in a 
prevailing bipolar, or rectangular, or uniformly radiating direc- 
tion. The forms of the fields of basis-substance will necessarily 
be determined by the main directions in which the living matter 
is distributed. The formation of basis-substance seen in that of 
a territory is illustrated in Fig. 71. 

In order to elucidate in accord with the new views the forma- 
tion of a fibrous basis-substance, we must consider the fact that 
one territory may contain several plastids interconnected. If 
each of the plastids, including those sharing in the formation of 
basis-substance, become elongated and split into delicate spindles, 
the result will be a large spindle- or rhomb-shaped territory, com- 
posed of numerous delicate spindles, which coalesce into fibrillae, 
between which remain elongated plastids unchanged. As men- 
tioned before (page 158), each fibrilla in reality is composed of 
a number of delicate spindles. Between the territories a larger 
number of plastids is left, and the blood-vessels take their 
course ; or a more solid fibrous reticulum is developed, inclosing 
the territories, as, f. i., in myxomatous connective tissue. 

The gradual development of basis-substance, therefore, admits 
of the following analysis : 

In medullary tissue, a single plastid, or a small number of 
such, is converted into myxomatous basis-substance without the 
formation of territories ; 

In reticular tissue, a single plastid, or a small number of such, 
changes into myxomatous basis-substance, the territories of which 
are separated by a reticulum of plastids or fibers. The plastids 
within the territory remain unchanged in the lymph-tissue ; 
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In the umbilical cord, a large number of plastids coalesce 
into territories bf a partly myxomatous, partly fibrous, basis- 
substance, and these territories are separated by a broad reticu- 
lum of plastids, the “ stellate mucoid-cells” ; 

In fibrous connective tissue, each bundle is the result of 
coalescence of plastids much elongated and split up, and is 
composed of one or a number of territories, in which remain the 
conn ective-tis sue corpuscles. A lai'ge number of plastids is left 
between the bundles ; 

In tendon, each bundle is a large territory containing a 
number of plastids arranged in chains, with numerous smaller 
bundles between them ; 

In periosteum, the plastids have flattened out so as to build up 
a rhomboidal ribbon, with a number of unchanged plastids, each 
ribbon being composed of one territory or of a number of them 5 

In the cornea, the flattened bundles or ribbons have coalesced 
into layers, traversed by the cornea corpuscles ; each lamella is a 
flattened territory, and between the territories are plastids similar 
to those within. 

Between the groups, composed of plastids in many instances, 
and at an early stage of development, a very dense basis- or cement- 
substance appears. This is the ‘^elastic tissue,” seen in the 
periosteum in the shape of narrow plates or strips at the borders 
of the ribbons and their constituent fields. In the finished tissue, 
the elastic strips in varying amount border one or several terri- 
tories, sometimes even smaller fields in one territory. The glue- 
yielding basis-substance, formed later, is by no means as dense 
and resistant as the first-formed elastic substance. This is proved 
by observations in inflamed periosteum. The basis-substance, 
however, is densified and made resistant, not only at the borders 
of the territories, but also around the cavities containing the 
plastids. This is the case in fibrous connective tissue as well as 
in cartilage- and bone-tissue. 

The so-called elastic tissue^’ is evidently no tissue sui generis, 
t)ut a basis- or cement-substance, of an early formation and of con- 
siderable density. It arises from plastids, fist as the glue-yielding 
basis-substance proper. 

(3) Cartilage Tissue. 

History.* From the earliest time of histology to the present, true cartilage, 
such as the thyroid cartilage, has been looked upon as one of the simplest 

* Written by Loui.s Elsberg : “Contributions to tlie Noi'inal and Patbological Histology 
bl the Cartilages of the Larynx,” Archives of Laryngology, vol. ii., 1881. 
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tissues. To distinguish it from other kinds of cartilage, in which either a 
fibrous or a reticular aspect has been recognized, it is -called hyaline, i. e., 
resembling glass. The description of its structure by Meckauer, in 1836,* is 
essentially as that by Klein in 1880,t viz. ; that it consists of a firm homoge- 
neous basis-substance, in which are imbedded numerous small cartilage 
corpuscles. Meckauer wrote before the cell-doctrine, which has exercised 
so powerful an influence upon the medical mind, had been thought of. In- 
deed, that doctrine itself, as its founder, Schwann, t has recorded, was based 
to a large extent upon investigations of the constitution of cartilage. After 
J. Muller had described cartilage corpuscles that were hollow, and Gurlt had 
spoken of some as vesicles ; when Schwann had succeeded, as he thought, “in 
actually observing the proper wall of the cartilage corpuscles, first in the 
branchial cartilages of the frog’s larvae, and subsequently also in the fish,” he 
was led by these and other researches to conjecture “that the cellular forma- 
tion might be a widely extended, perhaps a universal, principle for the forma- 
tion of organic substances.” 

Schwann considered that the cartilage corpuscles, or cartilage cells, as they 
were thenceforth called, are imbedded in a matrix which is capable of produc- 
ing the cells, and which he therefore called cytoblastema. Goodsir, Naegeli, 
and finally Virchow advanced the histology of cartilage in so far as they 
claimed that the cartilage cells cannot possibly arise from the matrix or inter- 
cellular substance. Even Virchow adhered, however, to the idea of Schwann, 
that the cartilage cell is a vesicle filled with a more or less transparent fluid, 
in which is suspended the nucleus ; and, although he was aware of the life of 
the cell in general, nothing was suggested by him as to the life of cartilage. 
It is true, Bonders and H. Meyer had observed that the cells of hyaline carti- 
lage were capable of proliferation ; § nevertheless the idea became prevalent, 
more perhaps from implication — because, on account of the absence of blood- 
vessels, it was believed not liable to inflammation — than from any direct state- 
ment to that effect, that cartilage was devoid of life. The vitality of cartilage 
corpuscles was made clearly probable by the observation of the effect of elec- 
trical shocks upon them, by Heidenhain, || and by Eollett,ir and the investi- 
gations of Eeitz,* Boehm,* Hutob,® and Bubnoff,^ — investigations which 
except Boehm’s, were made under Strieker ; it was proved positively by Heitz- 
mann in 1873.'^ 

With the question whether or not the so-called cartilage cell is alive, 

* “ De Penitiori Cartilaginum Structura Symtoolte.” Diss. anat.-pliys., auctore M. 
Meckauer, M. D. Breslau : Schultz & Co., 18.S6, tab. 4, p. 16. 

t “ Atlas of Histology.” London : Smith, Elder & Co., 1880, p. 48. 

t “Mikroskopische Untersuclmngen ilbor die Uebereinstimmung in derStructur unddeni 
Wachsthume derThiere und Ptianzen,” von Dr. Th. Schwann. Berlin: G. E. lleinier, 1839, 
p. 270. “ Microscopical Kesearches into the Accordance in the Structure and Growth of 
Animals and Plants.” Translated by Henry Smith. London : Sydenham Societj', 1846. In- 
troduction. 

§ Mueller’s “ Archiv fiir Anatomie,” 1846. 

II “ Studieu aus dem Physiologischen Institut zu Breslau,” ii. Heft, 1863. 

ly Strieker’s “Handbuch der Lehre von den Geweben,” Article, “ Knorpelgewebe,” 
1868. 

1 “ Sitzungsber. der K. Akademie dor Wissonsch. in W'ien,” Bd. 56, 1867. 

2 “ Beitrage zur Norinalen und Pathologischeu Anatomie der Gelenke.” Inaug. Dis- 
sertation, W’iirzburg, 1868. 

3 “ TJntersuchungen uber Knorpelentziindung.” Wiener Med. Jahrbucher, 1871, p. 399. 

4 '“Beitrage zur Kenntniss der Structur des Knorpels.” Sitzungsber. der K. Akad. 
d. Wiss. in Wien, Bd. 67, 1868. 

3 “Das Verhaltniss zwischen Protoplasma und Grundsubstanz im Thierkoiper.” Sitz- 
ungsber. der K. Akad. d. Wien ; Wien, Bd. 67, 1873, and Wiener Med. Jahrbucher, 1873. 
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another question arose, viz. : how can so isolated a corpuscle (imbedded in a 
firm “intercellular” substance) obtain nutrition? It was assumed that the 
nourishing liquid reaches the corpuscle either by diffusion or else through 
canals, or clefts, or fissures in the homogeneous basis-substance. The idea 
of the existence of juice-channels originated with Von Recklinghausen. He 
found in silver-stained preparations of the cornea communicating colorless 
spaces on a dark background, and believing that the cornea consisted of 
fibrillary tissue knit together by a cement-substance, he thought that this 
cement-substance was tunneled by a system of communicating canals, “ Saft- 
Kanalchen,” and that it is this system of canals which is not stained by 
silver. Innumerable investigations, under all sorts of circumstances, have 
been undertaken to settle satisfactorily whether preformed juice-channels 
exist in cartilage, or whether juices can be imbibed without such. In lower 
animals corresponding canals had long been reported to be found, by 
Queckett* and by Bergmannt in cephalopodes, and by Leydigt in various 
fishes ; and certain pathological observations by Virchow, § Zahn, H Cornil and 
Ranvier,1[ and Rindfleisch,' as well as senile changes studied by Weichsel- 
baum,* seemed to point to their presence in man. Pigment particles were 
introduced into the circulation, in the hope of discovering the manner in which 
they penetrate the tissue of cartilage, by Gerlach,^ Maas,^ Arnold,® and 
Nykamp and Treub ® ; Kiittner, with the same end in view, introduced solu- 
tions into the trachea and examined the bronchial and tracheal cartilages ’’ ; 
and Henoque,* Budge,” Tizzoni,*® and others forcibly injected liquids as 
well as solid particles into the tissues. The results of these experiments, 
and of examinations with various re-agents, are contradictory of each 
other. For instance, while Bubnoff," Hertwig,*” Henoque,*” Loewe,'® Thin, 

* “ Catalogue of the Historical Series in the Museum of the Koyal College of Surgeons,” 
1850, vol. i., 1). 102. 

t “ Disquisitioues Microscopicae do Cartilagiiiibus in .specie Hyalinicis.” Inaug. DisscJt., 
Dori)at, 1850. 

t “ Zur Auatomie und Histologic der Chimsera Moustrosa.” Mueller’s Archiv, 1861, p. 
242. 

§ “ Ein Fall allgenieiner Ochrouose der Kuorpel und kuorpelahnlichen Theile.” t'ii'- 
chow’s Archiv, xxxvii., 1866, p. 212. 

11 “ Ueher Pigmentinfiltr.atiou des Kuorpels.” Ibid., Ixxii., 1878. 

IT “ Manuel d’Histologie Pathologique,” Paris, 1869, p. 427. 

> “ Lehrhuch der Pathologischen Gewehelohre.” Eeipzig, 1878, p. 563. 

2 Sitzungsher. der K. Akademie d. Wiss. iu Wien, Bd. 75, 1877. 

3 “ Ueher das Verhalten des indigschwefelsauren Natrons im Knorpelgewehe lehonder 
Thiere.” Erlangen, 1876. 

4 “ Ueher das Wachsthum und die Regeneration der Rohrenknochen.” Archiv fiir 
klinische Chirurgie, xx., 1877. 

s “ Die Ahscheidung des indigschwefelsauren Natron im Ivnorpolgewehe.” Viichow's 
Archiv, Ixxiii., 1878. 

6 “ Beitrag zur Keimtiiiss der Structur des Kuorpels.” Archiv fiir Mikroskop. Anat- 
omic, xiv., 1877. 

z “ Die Ahscheidung des indigschwefelsauren Natron in den Govveheu der Bunge.” 
Centralhlatt f. d. Med. Wiss., 1876, No. xlii., p. 268. 

8 “ Structure des Cartilages.” Gazette Medicate, 1873, x>. 689 ; ij. 617. 

8 “ Die Safthahnen im hj'aliuen Kuorpel.” Archiv fiir Mikroskop. Auatomie, xiv., 1877 ; 
xvL, 1879. 

10 “ Sulla Istologia Norniale e Patologica dello Cartilagini laliiii.” Archivio per le 
Scienze Mediche, ii., 1877. ii Loc. cit. 

12 “ Ueher die Eutwickelung und den Bau des elastischeu Gewehes im Netzknorxiel.” 

Archiv fiir Mikroskop. Anatomic, ix., 1873, p. 80. is Loc. cit. 

14 “ Ueher eine eigenthiimliche Zeichnung im Hj'aliukuorpel.” Wiener Med. Jahrhucher, 
1874. 

15 “On the Structure of Hyaline Cartilage.” Quarterly Journal of Microscopical Science, 
vol. XV)., 1876. 
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Ewetzky," Petrone, t Budge, 1; Nykamp,§ Fiirbringer,|l and a number of others 
consider the existence of canals in the basis-substance of cartilage proved by 
their experiments and treatment of their preparations with silver nitrate, gold 
chloride, hyperosmic acid, chromic acid, ammonia bichromate, etc., etc. ; in- 
vestigations by exactly the same means have convinced Sokol ow,H Retzius,‘ 
Colomiatti,^ Briiokner,® Toldt,"* G-enzmer,® Gerlach,® Tillmanns,’ Tizzoni,* and 
others, of just the contrary ; and there is a third party which believes, with 
Arnold,® that the basis-substance is made up of fibrillae, that there are deli- 
cate fissures between the fibrils, that these fissures penetrate the capsule, 
and that “ the nutrient material passes through these interfibrillar and intra- 
capsular fissures into the pericellular space.” Flesch, the latest writer on the 
subject, adds *“ that these fissures need not necessarily be, and in fact are 
not, empty, but that they are occupied by the interfibrillar cement-substance, 
which, being of a “ viscous soft ” ( zdliweieh ) material, permits the imbibition 
and conveyance of the nutrient liquid. 

It is claimed that hyaline basis-substance consists of fine fibrils, so closely 
held together by a cement-substance that the mass appears to be homo- 
geneous. This idea, though not entirely novel, as the older anatomists seem 
to have had it,*^ has been brought forward by Tillmanns, and is doubtless 
original with him.'* It is said that the interfibrillar cement-substance can be 
dissolved out by certain re-agents, and then the fibrillation seen under the 
microscope. According to the varying arrangement and interrelation of the 
fibrillas, Tillmanns speaks of three types of cartilage tissue — viz., parallel- 
fibery, net-form, and lamellous. No doubt he saw under the microscope 
appearances which underlie the distinction which he thus made, but, unfort- 
unately, he misinterpreted these appearances. Nevertheless, he has had 
followers. Thns, Baber reported '* that, having undertaken to test the accuracy 
of Tillmanns’ assertions, and not succeeding in finding the fibrillation, 

* “ Entziin(Uingsversuche am Knoipel.” Vorlaufige Mittlieilung, Centi'alblatt f. d. 
Med. Wiss., 1876, No. 16; “ Uutersucliuugen aus dem Patli.-anat. Institut zu Ziiricli,” ill. 
Heft, 1876. 

t “ Sulla Struttura Normale e Patologica delle Cartilagine e degli Ei)itelii.” Napoli, 1876. 

t Loo. cit. ' i Log. cit. 

II “Ueber das Gewebe des Kopfknorijels der Cepbalopoden.” Morpliolog. Jalirbiicber, 
iii., 1877, p. 463. 

U “ Ueber den Bau des Nasenknorpcls,” etc., ref. Canstatt’s Jaliresbericbt. 1870, p. 24. 

1 “ Bitrag till Kannedomen um Brusknafnaden.” Nord. Med. Arkiv, iv., 1872. 

2 “Sulla Struttura delle Cartilagiiii laliui e Eibroelastica Reticolata.” GazettaCllniclie 
di Torino, 1873, No. xxxii. ; Rivista Clinica di Bologna, 1874, No. v. ; Giornale della Acad, 
di Torino, 1876. 

3 “ Ueber Eiterbildung ini Hyalinen Kncrpel.” Inaug.-Dissert., Dorpat, 1873. 

4 “ Lebrbucb der Gewebelelire.” Stuttgart, 1874, p. 143. 

6 “Ueber die Reaction des Hyalinen Knoi'iiels,” etc. Vircliow’s Arcliiv, Ixii., 1876; 
Centralblatt f. Cliirurgie, 1876, No. cxlvi. ® Loc. cit. 

2 “ Beitrage zur Histologie der Geleuke.” Arcliiv fiir Mikroskop. Anatoniie, x., 1874, 
l)j». 364, 436. 

8 Loo. cit. 9 Loc. cit. 

10 “ Untersucliungcn iiber die Grundsubstanz des hyalinen Knorpels.” Wurzburg: A. 
Stuber, 1880. 

11 See: Win. Hunter “On the Structure and Diseases of Articular Cartilages,” Philosophi- 
cal Transactions, vol. xlii., p. 614, London, 1742-43 ; M. de Liisone, “ Second Memoire siir 
1’ Organization des Os,” Mem. de I’Academie Roy. des Sciences, tome Ixix., Paris, 1762; 
more recently, also, Hoppe, Virchow’s Arcliiv, v., p. 176. 

12 Loc. cit., i>. 401; and “ Ueber die tibrillare Structur des hyalinen Knorpels.” Arcliiv 
f. Anatomie u. Physiologic, Anat. Abth., 1877, p. 9. 

13 “ On the Sti-iicture of H 3 ‘aline Cartilage.” Journal of Anatomy and Physiology, vol. x.. 
Part I., October, 1876. 
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although he had followed Tillmanns’ method of maceration, he accidentally 
made momentary pressure on the glass cover and thereupon obtained satis- 
factory proof of the fibrillar constitution of the basis-substance. Eeeves * 
has also convinced himself of the existence of normal fibrillation in human 
cartilage. Ziegler seems to have done the same ; t and Flesch regards it as a 
matter beyond question. He speaks of it as ‘‘generally known and most 
easily demonstrable.” t Furthermore, he thinks that some portions, or per- 
haps layers, of the basis-substance are more compact than others, and that 
this may also account for the facility of cleavage in determinate directions. 

Leidy insisted § that the basis-substance of hyaline cartilage has a pecul- 
iar filamentous structure, but his interpretation, that the granular filaments 
run simply parallel to each other, does not cover the truth, and has not 
attracted any attention. With the exception of Leidy, however, no one, 
until nine years ago, seems to have questioned the homogeneousness of the 
mass of basis-substance in which the separate corpuscles were supposed to be 
imbedded. In 1872, HeitzmannH first proved the presence of a net-work 
structure in the basis-substance. Somewhat similar appearances had pre- 
viously been more or less vaguely described, but not properly interpreted or 
appreciated, by Eemak, *1[ by Heidenhain,^ by Broder,^ by Frommann,^ and 
possibly by others. 

After Heitzmann, Hertwig^ observed processes of living matter pene- 
trate the basis-substance of reticular cartilage ; and Colomiatti stated ® that 
he had failed to find cell offshoots in hjmline cartilage, either after treatment 
with gold or silver or in vivo, although he had seen cartilage-cell offshoots in 
other than hyaline cartilage. 

1 have had the opportunity to repeat Heitzmann’s investigations under his 
own eye and with his assistance, but the results as to their correctness at 
which I arrived were, to the best of my belief, uninfluenced by him. I 
reported in 1875 ® that I had seen the net-work structure in the corpuscles 
of hyaline cartilage, in the nucleus and in the basis-substance, exactly as 
Heitzmann had described it two years previously.' 

In January, 1876, Thin’s memoir was published,® in which he reported 
that, in particular preparations, he had seen “fine glistening fibers enter the 
cartilage substance, into which, however, he has not been able to follow 
them.” Again : “ The ordinary granular protoplasmic cells of hyaline car- 
tilage are analogous, according to the views of the author, to the stellate 

*“On the Structure of the Matrix of Human Articular Cartilage.” British Medical 
Journal, Nov. 11, 1876, i>. 616. 

t Bei'iclit (ler 50. Naturforscli. Versaminlung zu Muiicheii, 1877. 

t Loc. cit, p. 74. 

? “Proceedings of the Academy of Natural Sciences of Pliiladelphia,” vol. iv., No. 6, 
1848 ; and American Journal of Medical Sciences, April, 1849, p. 282. 

II “Wiener Medizin. Jahrbucher,” Heftiv., 1872. 

y “ Uehcr die Eiitstehuiig des Bindegewehes und des Knorpels.” Archiv fur Anatomie, 
1852, p. 63, et seq. i Loc. cit. 

2 “Eiii Beitrag zur Histologle des Knorpels.” Dissert., Zurich, 1865. 

* “ Uutersuchuiigen iiber die noimale und pathologische Anatomie des Eiickenmaikes.” 
II. Then. Jena, 1867, pp. 29, 30. 

1 Loc. cit. 6 Loc. cit. 

6 “Transactions of the American Medical Association,” vol. xxvi., 1875, pp. 163, 164. 

2 “ Untersuchungen iiher das Protoplasma. II. Das Verhaltuiss zwischen Protoplasma 
und Gruiulsubstanz im Thierkorper.” Sitzungsber. d. K. Akad. d. Wissensch. in Wien, Ixvii., 
May, 1873. 

8 It is dated August, 1875, loc. cit. 
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cells of tlie cornea and connective tissue generally.” Thin obtained, by silver- 
staining, appearances similar to Heitzmann’s, but unfortunately misinter- 
preted them. 

In 1879, Spina reviewed the subject.* He accorded to Heitzmann the 
merit of the discovery, but as in the intervening seven years I alone had 
publicly corroborated it, and he was not aware of that corroboration, he 
thought that “the existence of cells with solid offshoots in genuine hyaline 
cartilage is not definitely proved,” and undertook to settle the question. 
After many fruitless attempts, he found out a method of examination “by 
which ramifying cells in hyaline cartilage can be demonstrated, not only with 
ease, but also with certainty.” The method and the results, as he has 
described them, are as follows: “The cartilage, best the articular ends of 
bones, is placed into alcohol for three dr four days ; then the sections are 
made and the examination is conducted in alcohol. From such specimens 
positive proof is obtained that the cells of hyaline cartilage have solid off- 
shoots. These offshoots emanate mostly from the body of the shriveled 
cells, penetrate the basis-substance, and inosculate with offshoots of other 
cells. Their number and thickness are subject to numerous variations. . . . 
The cell offshoots do not, as a rule, ramify. . . . Examination with powerful 
immersion lenses (Hartnack, No. 15) teaches positively that the cell offshoots 
not only pierce the capsule, but that the capsule extends also to the offshoots 
themselves, so that at their origin they are surrounded, like the cell body, by a 
wall. . . . Upon adding a drop of glycerine to the alcohol specimen, or on 
staining it after one of the usual methods, the cell offshoots disappear more 
or less rapidly ; hence, it is clear that the hyaline, structureless aspect of 
the cartilage basis-substance is really due to the methods of preparation hith- 
erto in use, while, when examined in alcohol, as above described, the cell 
offshoots invariably become visible.” He added that he had succeeded a few 
times in seeing — faintly only, it is true — the same structure in living hyaline 
cartilages. On incorporating, for a sufficient length of time, carmine into 
the body of frogs. Spina found cartilage corpuscles of which the nuclei, the 
body, and the offshoots had taken in some of the coloring matter. As the 
offshoots disappeared and the carmine granules seemed to lie in the hyaline 
basis-substance when a drop of glycerine was added, it is easy to see how 
previous investigators came to be misled into supposing the coloring matter 
to have passed into the hyaline substance and into interfibrillar fissures. 
With excessive caution. Spina adds : “ Whether they (the coloring particles) 
can also move along outside of the cell offshoots has not yet been proved.” 

In the same year Prudden,t and, in 1880, Flesch, t also described cilia-like 
processes of cartilage corpuscles ; and the latter admitted that in exceptional 
cases he had succeeded in tracing them more or less distinctly into the basis- 
substance. 

Varieties of Cartilage Tissue. Cartilage is a very dense, 
opaque, and highly elastic tissue, the basis-substance of which is 
not strictly gelatinous, as on being boiled it yields a cloudy, 

* “ Ueber die Saftbalinen des hyalinen Knorpels.” Sitzuugsber. der K. Akad. d. Wiss. iu 
Wien, Ixxx., Abth. iii., November, 1879. 

t “ Beobacbtungen am lebenden Knorpel.” Virchow’s Arcliiv, Ixxv., 1879, p. 185. 

t Loo. cit, pp. 69-63. 
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coagulating liquid', whicli has an odor similar to that of glue, hut 
is not viscid. The reticulum of living matter is infiltrated with 
this so-caUed “ chondrogenous ” hasis-suhstance, the cavities of 
which hold plastids varying greatly in size, number, and config- 
uration. In the juvenile condition of the individual, the plastids 
are generally solid and homogeneous ; in the middle-aged they 
are distinctly nucleated, exhibiting a very fine reticulum of living 
rfiatter. That these plastids 
in the living tissue are 
alive, I was the first to dem- 
onstrate (page 116). Carti- 
lage, as well as other vari- 
eties of connective tissue, 
should be preserved in a 
solution of chromic acid; 
to examine fresh cartilage 
kept in pure water is very 
objectionable, as in this 
liquid the plastids soon 
become vacuoled and de- 
stroyed. 

We distinguish three 
varieties of cartilage, which 
may be arranged according 
to the order in which they 
approach the structure of 
fibrous connective tissue : 
reticular or elastic carti- 
lage ; fibrous or striated car- 
tilage ; hyaline cartilage. 

faj BeMcular or Elastic 
Cartilage resembles the re- 
ticular variety of myxoma- reticular arrangement ; tlie reticulum surrounds tlie 

tous connective tissue. The of tlm cartilage corpuscles ; P, perlclion- 

drium. Magnified 600 diameters. 

difference is that its basis- 

substance, instead of being mucous, is dense and chondrogenous, 
and is traversed in an apparently irregular manner by very dense, 
bright, elastic fibers. Owing to the presence of this elastic re- 
ticulum, the tissue has a yellowish color and a high degree of 
pliability. (See Fig. 72.) 

The elastic fibers, as a rule, are very delicate, and sometimes 
are packed closely together in slender bundles, their width vary- 



Fig. 72.— Reticular Cartilage from 
THE Epiglottis of a Child. Chromic 
Acid Specimen. 
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ing greatly in different animals. Sometimes they run parallel 
with each other, sometimes they interlace in different directions. 
They are coarser in the middle portions of the tissue, and gradu- 
ally grow thinner as they approach the periphery; here they 
often blend with the adjacent fibrous connective' tissue of the 
perichondrium. Not infrequently we see at the points of inter- 
section of the elastic reticulum slender oblong nuclei, which is a 
positive proof that the elastic fibers have originated from branch- 
ing plastids found between the territories of the cartilage 
corpuscles. 

The meshes of the elastic reticulum contain a chondrogenous 
basis-substance, and usually in the middle of each mesh one or 
two cartilage corpuscles can be distinguished. In young individ- 
uals these corpuscles are either homogeneous and shining, or 
composed of coarse, bright granules and destitute of nuclei. 
They are more bulky in the middle of the plate of the reticular 
cartilage, and become flattened toward the perichondrium, where 
they undergo a gradual but rapid change into the spindle-shaped 
corpuscles of the perichondrium. Some of the cartilage corpus- 
cles are pear-shaped, and unite by means of slender, stem-like off- 
shoots with the elastic reticulum. Their periphery is everywhere 
thorny, which indicates that their structure, as well as that of 
the chondrogenous and elastic basis-substance, is identical with 
that of all other connective-tissue formations.* 

Little is known regarding the senile changes of this tissue. 
It is asserted that in persons of middle and advanced age the 
elastic cartilage of the auricle- of the ear becomes fibrous, and H. 
Muller -has observed calcification and ossification in auricles of 
dogs. 

According to O. Hertwig, the first development of the elastic 
fibers takes place in the shape of extremely delicate fibrillse, as 
the result of the “formative activity of the cartilage eells” in 
their most peripheral portions. The further growth, he says, is 
the result of “intussusception,” independently of the cartilage 
corpuscles. I consider the development of reticular cartilage to 
be the same as that of the reticular myxomatous tissue. Territo- 
ries are formed by eoaleseence of embryonal plastids, in which 

* As a matter of curiosity, it is worth mentioning what method A. 
Eollett (“Manual of Histology,” by S. Strieker, American edition, 1872) 
recommends for obtaining the best specimens of reticular cartilage. “Boil 
the auricle of the ear of man for a short time, dry it, and finally make sec- 
tions of these boiled mummies.” 
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one or two plastids remain as iinclianged cartilage corpuscles. 
At the periphery of the territories, branching plastids form, giv- 
ing rise to the elastic reticulum. The whole of the basis-substance 
remains traversed by a delicate reticulum of living matter. 

Reticular cartilage is met with in a few places only — the auri- 
cle of the ear, the wall of 
the external auditory canal, 
and of the Eustachian tubes, 
the epiglottis, and the small- 
est cartilages of the larynx, 
including the vocal process 
of the arytaenoid cartilages. 

The tarsus of the eyelids, 
which was formerly consid- 
ered cartilaginous, is now 
known to be constructed of 
a very dense fibrous con- 
nective tissue, richly sup- 
plied with branching plas- 
tids. 

(h) striated or Fibrous 
Cartilage. There is scarcely 
any reason for considering 
this tissue to be sui generis., 
as it is invariably mixed 
with hyaline cartilage, 
either in its interior or 
at its peripheral portions, 
where fibrous cartilage es- 
tablishes the connection 
between hyaline cartilage 
and fibrous connective tis- 
sue. Fibrous cartilage, 
therefore, blends with both 
the last-named tissues, and 



Fig. 73.— Striated or Fibrous Carti- 
lage FROM THE Condyle of Femur of 
A Rabbit, Eight Months Old. Sagit- 
tal Section, near the Lateral Sur- 
face OF the Condyle. Chromic Acid 
Specimen. [Published in 1873 .] 

represents a stage of tran- 
sition of one into the other. 

Its basis-substance is glue-yielding and composed of delicate 
fibrillge, usually without a definite formation of bundles, while 
the plastids are large and nucleated, either regularly scattered or 
arranged in chain-like rows. (See Fig. 73.) 

According to C. Toldt, we meet with fibrous cartilage in the 

13 


Transition of liyaline cartilage, S , into fiBrous car- 
tilage, F . Magnitietl 800 tlianieters. 
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interartieular and intervertebral disks ; in the cartilaginous pro- 
jections (labra cartilaginosa) of concave articular surfaces, and 
in those portions of the tendons which glide over bones. In the 
latter instance, the cartilage corpuscles extend far into the tissue 
of the tendon. In the intervertebral disks of middle-aged per- 
sons, the upper and under portions consist of a tissue closely 
resembling hyaline cartilage, with flat lenticular coi*puscles ; from 
this layer arise the bundles of flbrous cartilage interwoven in 
oblique direction. The bundles are thinner near the center, and 
increase in size from within outward. The most central portion 
of the disk is non-striated, of uniform appearance, and of a gela- 
tinous consistence, approaching, therefore, the features of myx- 
omatous basis-substance ; it is abundantly supplied with plastids 
arranged in nests, like cartilage corpuscles. The lateral portions 
of the disks consist of a dense flbrous connective tissue, likewise 
blending with the fibrous cartilage. 

The flbrous tissue which we find within hyaline cartilage, 
mainly that of the ribs, the tracheal and laryngeal cartilages, 
but not in normal articular cartilages, is of considerable interest. 
Histologists claim that this fibrous tissue is a product of second- 
ary or senile changes, occurring very regularly, some say between 
the fifth and sixth, others between the tenth and twelfth, year of 
life. A queer senile metamorphosis, indeed, which is of regular 
occurrence in childhood. 

L. Elsberg has observed in specimens of the thyroid and 
cricoid cartilages of human foetus, five to six months old, a deli- 
cately striated basis-substance in the middle of the cartilaginous 
plates. This striation becomes more distinct with the age of the 
individual, and sometimes even in middle life invades nearly all 
the laryngeal cartilages. The same change has been observed 
in articular cartilages of so-called arthritic persons. The most 
peripheral portions of the cartilage, as a rule, remain free of 
fibrous metamorphosis. The fibers are arranged in either 
straight or slightly curved bundles, and exhibit features iden- 
tical with those of the lateral surfaces of the condyles, illustrated 
in Fig. 73. 

W e must abandon the opinion that this flbrous tissue is the 
result of a senile metamorphosis. The question remains unset- 
tled, however, whether hyaline basis-substance of cartilage is 
directly changed into fibrous, or whether this transition goes on 
through the intermediate stage of medullary tissue, in accord- 
ance with the general rule of tissue transformation. 
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fcj Hyaline Cartilage. The name implies that the dense basis- 
snbstance of this tissue is transparent and devoid of any trace of 
structure. This is true only of cartilage specimens mounted in 
balsam or varnish, such as were formerly used for observation. 
Both in fresh specimens and in those preserved in chromic acid, 
the basis-substance, even with moderate powers of the micro- 
scope, is not hyaline, but of finely granular appearance. 

The basis-substance contains cavities, in which lie the plas- 
tids, termed cartilage corpuscles. Around the cavities the basis- 
substance is often con- 's bo® ® « 

centrically striated, ® ^ 

This feature led to the 
supposition that carti- 
lage corpuscles were 
inclosed in “ capsules.” 

The capsules are noth- 
ing but the optical ex- 
pression of different de- 
grees of densification, 
found in all other va- 
rieties of connective tis- 
sue. Condensed basis- 
substance in the form 
of a capsule may occur q 
around single cartilage 
corpuscles or around 
corpuscles grouped to- 
gether, and frequently 
such capsules are alto- 
gether absent. Their 
production is closely Fig. 74 . — Hyaline Cartilage from^the Con- 



connected with the 
formation of territo- 
ries during develop- 


dyle op Femur op a New-born Pup. 
MIC Acid Specimen. 


Chro- 


C, the tissue of the hyaline cartilage, with scattered 
groups of cartilage corpuscles ; M, Medullary spaces, con- 


ment, and their power tainlng hlood-vessels and medullary tissue. Magnified 
of resistance can be loo diameters. 

proved by long-continued boding, especially in acidulated water. 

Hyaline cartilage, when fully developed, is scantily supplied 
with blood-vessels ; large masses of the tissue are met with which 
are entirely destitute of vessels. Undeveloped, embryonal car- 
tilage, however, is traversed by a relatively large number of 
medullary canals, in which a complete system of blood-vessels — 
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arteries, veins, and capillaries — is found, besides a certain 
amount of medullary tissue, filling the space between the blood- 
vessels and the walls of the canals. The medullary canals, 
according to C. Langer, appear in the epiphyseal cartilage of 
shaft-bones (femur) after the third month of embryonal life. These 
canals are all in connection with the outer fibrous investment 
of the cartilage — i. e. the perichondrium, from which the blood- 
vessels enter the canals. The vascular medullary spaces decrease 
with the age of the individual, although a few such spaces have 
been traced up to the thirtieth year of life (Bubnoff). They are 
in intimate relation with both the progressive and regressive 
development of cartilage. (See Fig. 74.) 

The cartilage corpuscles are never scattered uniformly 
throughout the basis-substance, but always massed together, 
and the amount of basis-substance between the different mem- 
bers of a group of corpuscles is less than that which surrounds 
the groups. The groups vary in their general form in different 
portions even of the same cartilage. In epiphyseal cartilage of 
young animals, the corpuscles are arranged in flat groups around 
the articular surface ; they produce more or less globular or 
elongated clusters in the middle portion, and on approaching the 
diaphysis they are arranged in elongated rows. In a sagittal 
(antero-posterior) section through such an epiphyseal cartilage, 
the corpuscles appear oblong or spindle-shaped along the articu- 
lar surface, which indicates that their broadest diameter runs 
parallel with the outer surface. In the middle portion they are 
more or less globular. Near the diaphysis they again become 
discoid, appear flattened, oblong, or spindle-shaped if cut in 
a sagittal direction, and circular in a direction vertical to the 
shaft of the bone. 

With higher powers (300-500) of the microscope we recognize 
that, especially in the middle portions of cartilaginous formations, 
some corpuscles not infrequently lie very close to each other, so 
as to mutually flatten their proximal surfaces. Between so- 
called twin formations there is either a very narrow light rim or 
a somewhat broader layer of basis-substance, and if an entire 
group of corpuscles exhibit such twin formations (seen most dis- 
tinctly in the eartilage of the trachea), the narrow frame between 
the corpuscles in its regular arrangement presents a very pretty 
appearance. These double formations have been considered, for 
the last twenty years or more, proofs of the division of c.artilage 
cells. This is a very mistaken idea, for it is impossible to under- 
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stand how corpuscles imbedded in a dense and tough basis-sub- 
stance could enlarge and divide — cartilaginous tissue itself, 
moreover, being perhaps the most inactive of all tissues. These 
multiple bodies cannot be the products of a division, as they are 
obviously formed simultaneously with the cartilage, and corre- 
spond to the double or treble, etc., corpuscles so often seen in the 
territories of other varieties of connective tissue. They cannot 
alter, unless the dense basis-substance around them is liquefied, 
or they themselves are transformed into basis-substance. 

Hyaline cartilage is a very common tissue in the body, and 
is found in an amount varying with the age of the individual. 
At a certain period of embryonal development, the entire skele- 
ton is composed of hyaline cartilage, and from this is devel- 
oped the whole osseous system, with the exception of the flat 
skuU-bones. In the fully developed body this cartilage consti- 
tutes all articular surfaces of the bones, the anterior portions of 
the ribs, and the frame of the nose, the larynx, the trachea, and 
the bronchi. 

The articular cartilage is covered with a single, often indis- 
tinct, endothelial layer on the gliding surfaces, and surrounded 
by a richly vascularized delicate fibrous connective tissue — the 
synovial membrane — on the lateral surfaces. All other forma- 
tions of hyaline cartilage are invested by a layer of a dense fibrous 
connective tissue, the perichondrium, holding numerous blood- 
vessels, and in its construction more or less identical with that 
of the periosteum (see page 124). A distinct boundary-line 
between cartilage and perichondrium does not exist, as a gradual 
transition of the hyaline into the fibrous basis-substance takes 
place, and the cartilage corpuscles, which are always flattened 
near the surface, blend with the oblong or spindle-shaped plas- 
tids of the fibrous connective tissue. 

Hyaline cartilage is prone to secondary changes. The solid 
constituents increase with advancing age. According to E. Von 
Bibra, the ash-remnants of the cartilage of ribs of man continually 
increase with advancing age to such a degree that, while the 
solid remnants of a child six months old were only 2.29 per 
cent., those of a man forty years old were 6.1 per cent. Even in 
middle age, many of the cartilage-corpuscles contain fat-granules, 
which often coalesce into fat-globules, replacing to a certain 
extent the living matter. Grranular depositions of lime-salts are 
often met with in the basis-substance of cartilage of the aged, 
especially in the ribs and the laryngeal cartilages. Sometimes 
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tkese are transformed into regular bone. The older a person 
grows, the less hyaline cartilage is found in his body. 

Kolliker made the curious discovery of a ‘‘parenchymatous or cellular” 
cartilage, constructed wholly of cells, without any trace of basis-substance. 
Among others, the chorda dorsalis, a light line close above the earliest forma- 
tion of the central nervous system in the embryo, is considered to be such a 
parenchymatous cartilage. Such a thing, however, is contrary to all we know of 
what could possibly be any variety of connective tissue. According to V. v. 
Mihalkovics, the chorda dorsalis is no cartilage at all, but a duplicature of the 
outer, epithelial germ-layer (Toldt). If this be correct, it would be another 
instance of an epithelial elongation which, after returning to the condition 
of an embryonal and medullary tisspe, gave rise to connective-tissue forma- 
tions. We know that this is the case with the thyroid body and the enamel- 
tissue of the teeth. 


The Structure of Hyaline Cartilage.* 

Fresh, articular cartilage is a suitable object for the study of 
the histology of hyahne cartilage. If we place a thin section, to 
which is added a drop of one-half per cent, solution of common 
table-salt, under the microscope, with an immersion lens No. 10, 
we will find a number of details heretofore overlooked. The 
following description is a study of a specimen taken from a hori- 
zontal section of the condyle of femur of a young, full-grown dog ; 
it answers to the corresponding cartilages of the cat and the 
1 ‘abbit. 

The bodies of the cells appear finely granular, bounded by a 
somewhat denser layer. The contour of the cartilage cell being 
accurately in focus, there appears between the cell and the basis- 
substance a light, very narrow rim, which is traversed by numer- 
ous extremely delicate, radiating, grayish thorns or streaks. All 
these thorns are conical, the broad base emanating from the body 
of the cell and the thin point directed toward the basis-substance. 
Wherever two cells lie close together, the light rim between them 
is pierced in a transverse direction by grayish threads. 

When in the cell the nucleus is distinctly visible, its shape 
will be found to correspond to the shape of the cell- body, and in 
its finely granular interior the bright nucleolus will be usually 
apparent. A narrow light rim is found to surround the nucleus, 
which, on being sharply focused, shows radiating thorns, whose 

* Translated from “Studien am Knochen und Knorpel.” Wiener Mediz. 
Jabrbiicher, 1872. 
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bases emanate from the nucleus, and whose points blend with 
the protoplasma of the cell. These conical spokes are clearly 
defined only when the light rim around the nucleus is distinct. 

On carefully examining the basis-substance, a very delicate, 
almost granular, conformation is recognizable, as if dark fields 
were alternating with light ones, and in some places giving the 
impression that the light fields formed ramifications, or even a 
delicate net-work. 

With the knowledge that from the cartilage cells offshoots 
emanate, and the basis-substance has an indistinct reticular for- 



Fig. 75 . — Hyaline Cartilage from th’e Border op the Condyle of 
Femur op a Young Dog. Transition into Fibrous Cartilage. 
Stained with Nitrate of Silver. [Published in 1872 .] 

S, light spaces with indistinct cartilage corpuscles, freely branching and connecting ; S, dark 
brown basis-substance, traversed by a light reticulum. Magnified 800 diameters. 


mation, and under the impression of pictures of inflamed carti- 
lage, which will be dwelt upon later, I proceeded to stain the 
cartilage with nitrate of silver. 

I prepared the articular extremity of the femur by removing 
the muscles and severing the shaft at a certain distance above 
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the knee-joint, and in this way obtained the condyles, as it were, 
on a handle formed by the stump of the femur. After the syno- 
via was washed off, I rubbed a stick of nitrate of silver for several 
minutes over the condyles, transferred the specimen to water, and 
exposed it to daylight. After a few days, the parts which had 
been brought in contact with the re-agent became dark brown. 
The most superficial layer was removed as useless, and the next 
layer was examined. I would remark that sections from deeper 
portions, which at first are but slightly tinted by the silver-salt, 
assume a deep color on exposure to daylight. The deeper layers 
of the condyle, too, are dyed brown, and to a certain depth are 
well adapted for new sections. 

The following description is that of specimens taken from 
the condyles of a young and an old dog : they showed the same 
features. 

From the stained specimens taken from the anterior and 
under portions of the condyle, I could obtain nothing satisfactory 
for establishing the idea of a reticular structure. As soon, how- 
ever, as I reached the lateral surface, close to the edge, the aspect 
of things at once became changed. (See Fig. 75.) 

The basis-substance at the borders of the cartilage cavities 
is stained dark brown, in other portions light brown-red. From 
the cavities of varying shapes light offshoots are thrown out in 
different directions, which may be grouped in three orders, 
according to their calibers. The broadest offshoots, those of the 
first order, either connect cartilage cavities, or run merely into 
the basis-substance. The somewhat narrower offshoots, those 
of the second order, project from either the cartilage cavities or 
the broader offshoots, and ramify freely into the very narrow 
ones, those of the third order. The latter shoot out from the 
cartilage cavities and the processes of the first and second order, 
as well as from the ends of coarser processes, and traverse the 
basis-substance throughout. Thus a rich, extremely delicate 
reticulum of light, irregular lines is produced, with numerous 
varicose enlargements, the meshes of which reticulum are filled 
with the brown basis- substance. In the cavities we recognize 
the dim, unstained cell-bodies, with their enlarged, thorny nuclei 
and their offshoots, which are traceable into the processes of the 
cavities of the first order. 

In specimens taken from' the anterior and under surface of 
the condyles, offshoots of the third, and occasionally some of the 
second, order are found, which are readily distinguished, wherever 
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tlie borders of the cartilage cavities are pierced by radiating light 
lines. The lateral surfaces of the condyles, on the contrary, con- 
stantly exhibit cartilage cells with offshoots of the first order, 
which are more numerous the farther away from the border of 
the articular surfaces. In the region where the basis-substance 
of the cartilage begins to be striated, we find the most beautiful 
silver images ; here the coarse offshoots, interconnected by deli- 
cate ones, are very numerous, and remain so in the fibrous car- 
tilage proper, and also in the tissue of the periosteum and the 
tendon, adjoining the hyaline cartilage. 

My next purpose was to stain cartilage with chloride of gold. 
I placed the condyles of the knee-joint — the stump of the femur 



Fig. 76.— Hyaline Cartilage from the Condyle of the Femur of an 

Old Dog, Stained with Chloride op G-old. [Published in 1872.] 

C, (lark riolet cartilag(^ carpnsclos, with inilistlnct nuclei aiirt numerous delicate dark 
violet offshoots. B, pale violet basis-substance, traversed by a partly dark violet, partly light, 
reticulum. Magnified 800 diameters. 

again serving as a handle — into a one-half per cent, solution of 
chloride of gold, and traced its action on the cartilage for from 
ten minutes to twelve hours, always after rejecting the most 
superficial sections. 

The gold stain of the cartilage corpuscles appeared in fifteen 
minutes ; in the violet cell-body the nucleus became easily 
seen and sharply marked ; the contour of the cell-body was also 
rendered more distinct. In many places the conical spokes 
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arising from the cell-bodies became violet, bnt could not be traced 
into the basis-substance any farther than in uncolored specimens ; 
in specimens from the lateral surfaces, numerous coarse and 
thorny offshoots of a violet color were seen, similar to that of 
the cell-bodies themselves, while the basis-substance remained 
uncolored or was pale bluish-red. 

After one hour’s action of the gold solution, the coarse off- 
shoots and the cells appeared dark violet, the offshoots of the 
second order became distinctly visible 5 some of the offshoots of 
the third order could be traced far into the basis-substance, or 
directly into cells near each other. 

After twelve hours’ action of the gold- solution, formations 
were brought into view which, being granular and crumbly, did 
not deserve attention. The cartilage cells were dark violet, the 
nucleus recognizable, if at all, as a lighter field. From all around 
the cell-body projected delicate offshoots, most of which looked 
finely granular, and in many places joined a granular reticu- 
lum. The reticulum is most abundant in the imm ediate vicinity 
of the cell and on the borders of the cell territories ; it connects 
directly with neighboring cells, and in some places is so compli- 
cated that a precise definition is impossible, even with an immer- 
sion lens No. 10. In places where the image is incomplete, we can 
satisfy ourselves that we have to deal with a reticulum which is 
richly supplied with granular and varicose nodulations, and the 
connection of which with the cell-bodies is beyond doubt. Fig. 
76 illustrates such a picture. 

At the points of transition of cartilage into bone, there exists, 
as is well known, a layer of cartilage cells, the basis-substance of 
which is calcified. A calcareous deposition in the cartilage can 
be produced also by infiammation, following certain injuries of 
the cartilage. In horizontal sections of fresh, calcified specimens, 
as well as in specimens deprived of their lime-salts by chromic 
acid, we recognize that the basis-substance is traversed by chan- 
nels, which hold offshoots emanating from the cell cavities, and 
producing a net work. The image of these offshoots is the same 
whether much or little lime-salt be present, either in the wall of 
the cavity bordering the cell- body or at the boundaries of the 
cell territories. We are satisfied that in all cases a deposition of 
lime-salts has taken place in the fields of the basis-substance, 
while the cell and its offshoots have remained unchanged. In 
old animals, where the calcified cartilage directly borders the 
bone-tissue, positive proof can be obtained that the “osteoid” 
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cells are, by means of offshoots, directly connected with the 
bone-cells. 

The results of my researches lead to the following con- 
clusions : 

The bodies of the cartilage cells have radiating offshoots. These 
offshoots form a delicate varicose reticulum in the basis-substance. 
At the points of transition of hyaline cartilage into striated., 
fibrous cartilage and into periosteum, the offshoots are very large 
and broad / they connect neighboring cells, either directly or indi- 
rectly, by means of delicate offshoots. 

In 1872 I was not yet acquainted with the structure of 
bioplasson — i. e., the cell-body, nor had I then recognized the 



Fig. 77 . — Hyaline Cartilage in Transition to Striated Cartilage, 
PROM THE Border op the Condyle op Femur op a Crown Dog. 
Stained with Chloride op Gold. 

C, (lark violet cartilage corpuscles with distinct nuclei, projecting offshoots, O, wliich 
directly or indirectly connect the corpuscles ; jB, pale violet hasis-suhstauce, exhibiting a 
partly dark violet, partly light, reticulum. Magnified 800 diameters. 

significance of the interconnection of cartilage corpuscles for 
elucidating biological views in every respect contradictory of the 
cell theory. Still, I felt confident that, on account of the sim- 
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plicity of the methods used, other investigators would encounter 
no difficulty in producing what I had produced and seeing what 
I had seen. But what happened was just the contrary. A large 
bulk of literature was produced on this subject ; nevertheless, 
almost all observers failed in bringing to view the connections 
existing between the cartilage corpuscles. Some claimed that it 
was the synovial liquid which assumed, on treatment with nitrate 
of silver, the figures I described; others that the connections 
between the cartilage cavities could be found only in the super- 
ficial portions of the condyles ; still others believed the forma- 
tions seen by me to be artificial products, due to a precipitation of 
the metal-salt I had employed. All, however, agreed that the 
light reticula which eventually became visible in the silver- 
stained specimen were only juice-canals, according to views 
taken by Von Recklinghausen. 

Meanwhile I had convinced many hundred students, in my 
laboratory in New York, that the cartilage corpuscles are really 
connected with each other, and an unprejudiced observer, L. 
Elsberg (see page 138), publicly announced his conviction of 
the correctness of my assertions. 

In the first place, there could be no doubt that the negative 
image produced by the silver in every respect answers to the 
positive image brought out by the gold. The negative silver 
image obtained from the border of the condyles, where the hya- 
line cartilage begins to change into fibrous cartilage (see Fig. 
75), fully corresponds with the positive gold image produced in 
the same place. Fig. 77 is an illustration of specimens which 
for years I have used for demonstrations in my laboratory. 

Secondly, I was desirous of satisfying myself if the method 
of treatment with silver was really so unreliable as claimed by 
some writers. I gave Dr. W. Hassloch, a physician of unusual 
cleverness, attending my laboratory in 1878, my printed pam- 
phlet containing directions for procedure, and the fresh condyles 
of a human foetus, six months old. A few days later, without 
any further advice on my part, the gentleman showed me a 
large number of specimens, exhibiting images precisely similar 
to those illustrated in Fig. 78. The identity of the light spaces 
with cartilage corpuscles was beautifully demonstrated in the 
thin sections, where dark brown layers were directly followed by 
slightly stained or unstained layers. 

I admit, however, that my assertions would not have deserved 
much attention had the staining methods with nitrate of silver 
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and chloride of gold been the only foundation on which they 
were based. But I said, in 1872, that calcified portions of the 
hyaline cartilage, the calcification being a product either of a 
normal process preceding ossification, or of a process of inflam- 
mation artificially induced, exhibited the reticulum and the 
offshoots of the cartilage corpuscles in the larger projections 
of the cavities, without the application of any re-agent. The 
increased refracting power of the calcified basis-substance is 
sufficient by itself to bring to view everything that can be seen 
in the silver and gold specimens, and everything which can be 
deduced from a comparison of both. The images obtained in 
the earliest stages of inflammation of any variety of connective 
tissue are very valuable means of convincing ourselves of the 



Fig. 78. — Hyaline Cartilage from the Condyle of the Femur op a 
Human Fcetus, Six Months Old. Stained with Nitrate op Silver. 

/S'!, single ligUt space; S^, twins, directly connected Ly light lines; R, dark brown basis- 
substance pervaded by a light reticulum. Magnified 1000 diameters. 

presence of a large amount of living matter within the basis- 
substance. There is, indeed, no way to understand the inflam- 
matory process unless explained in this manner. 

A. Spina (see page 141), by the alcohol treatment of the car- 
tilage, discovered an excellent method for demonstrating the 
connections of the cartilage corpuscles. An eye with very little 
experience can observe to-day what, in 1872, I first maintained, 
after a long and tedious research and laborious experiments. 
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The Structure op the Thyroid Cartilage, By L. Elsberg.* 

Longitudinal sections through the lateral plates of the thyroid cartilage of 
a man of about twenty-five years, hardened in chromic acid and stained with 
an ammoniacal carmine solution, exhibit with low powers of the microscope 
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(150 to 200 diameters) the following : The cartilage corpuscles, either single, 
in pairs, or in groups of from thi’ee to six, or even more, are imbedded in a 
basis-substance which, for the most part, is homogeneous-looking or indis- 

* “Contributions to the Normal and Patliological Histology of the Cartilages of tlie 
Larynx,” Archives of Laryngology, vol. ii., 1881. 
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tinetly granular, but in some portions finely striated. The homogeneous or 
indistinctly granular-looking basis-substance is that which bears the name 
hyaline basis-substance ; the striated is termed fibrous, although actual fibrillse 
appear only on the edges of the specimen, or when the tissue is torn and 
mutilated. The fibrous basis-substance is intermixed, without any regularity, 
with the hyaline, and usually sharply separated from it. Not infrequently a 
number of cartilage corpuscles, or groups of cartilage corpuscles, are sur- 
rounded by fibrous basis-substance, the striations of which run, as a rule, in 
a sagittal direction, i. e., vertical to the surface. Within the fibrous basis- 
substance the cartilage corpuscles are at most points sparsely scattered or 
absent ; here and there, however, they are more numerous, in rows or elon- 
gated, corresponding to the direction of the striations. It also occurs that 
striated portions of the basis-substance contain very minute globular or 
oblong corpuscles, sometimes to such an extent that the striated structure is 
concealed by the large number of these corpuscles. (See Fig. 79.) 

The fibrous portion is seen to occupy the center of a longitudinal section 
of one of the plates of the thyroid cartilage. This is not regularly the case 
in every cut, and was exceptionally well marked in the section from which 
the drawing was made. In some sections the fibrous cartilage is altogether 
absent, but every laryngeal cartilage contains some fibrous mixed with hya- 
line portions. 

Under higher magnifying powers (500 to 600 diameters), single cartilage 
corpuscles exhibit features, frequently before described, with coarsely granu- 
lar nuclei. Around the nucleus finer granules are visible. At the periphery 
of the cartilage corpuscle there are several strata of higher refracting power, 
especially the zone nearest the basis-substance, which, as a rule, appears 
very shining and is what is termed the capsule of the cartilage corpuscle. 
Not infrequently the cartilage corpuscle is very indistinct, being but slightly 
more granular than the surrounding basis-substance ; then almost nothing 
but the nucleus marks its presence and its place. In twin formations of car- 
tilage corpuscles, which are often met with, the zone of division between the 
two corpuscles is identical with that surrounding both, in the shape of a cap- 
sule. Of the same nature are the zones of division that are seen in clusters 
of cartilage corpuscles. 

The so-called hyaline basis-substance throughout its whole extent now 
appears finely granular ; as a rule, the granulation is more distinct midway 
between the corpuscles than in their immediate vicinity. The fibrous por- 
tions of the basis-substance are seen to be made up of extremely minute 
spindles, which, by being grouped longitudinally, produce the aspect of 
striation. The spindles or fibers are separated from each other by light 
rims, and both the spindles and the rims look finely granular. Between the 
spindles may often be seen small globular bodies, sometimes scattered, some- 
times in clusters, of which the size and shape greatly vary, reaching occa- 
sionally the size and shape of a regular cartilage corpuscle. In some striated 
fields, blood-vessels, both arterial and capillary, can be seen ; the former with 
the characteristic muscle-coat, the latter with the endothelial wall, besides 
holding red blood-corpuscles in their calibers. * 

The highest powers of the microscope (1000 to 1200 diameters) reveal 


* Tliese striated fields are remnants of former medullary spaces, for tlie striated portions 
in the center of the cartilage never contain blood-vessels. 
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the reticular structure of cartilage corpuscles, as it is known since 1873. All 
granules within the nucleus and all granules within the corpuscle are unin- 
terruptedly connected by delicate threads. The intranuclear net-work is con- 
nected with the corpuscular reticulum by radiating conical spokes traversing 
the light rim around the nucleus; and, at the periphery of the corpuscle, 
similar conical spokes pierce a narrow light rim and enter the basis-sub- 
stance, in which, especially in the highly refracting zone termed capsule, 
they are usually lost to sight. Cartilage corpuscles, even, which have become 
so pale as to leave only a dim trace of their former contour visible, still 
exhibit more or less distinct traces of the reticular structure. 

The same structure may be seen throughout the so-called hyaline basis- 
substance — more distinct in the middle of the space between the corpuscles 
than immediately around the corpuscles themselves. The fibrous portion of 



Fig. 80. — Thyroid Cartilage of Adult. Sagittal Section. 

C, C, cartilage corpuscles; B, indistinctly reticular hi'aline basis-substanco ; F, fibrous 
basis-substance. Magnified 1200 diameters. 

the basis-substance has also a reticular structure. The bodies of the slender 
spindles show a net-work without the application of any re-agent, and the 
light rims between the spindles are traversed by delicate threads running in 
a vertical direction to the longitudinal diameter of the spindles. All granules 
and lumps scattered through the fibrous basis-substance are surrounded by 
light rims, which are pierced by conical spokes inosculating with the reticu- 
lum of the neighboring spindles. (See Fig. 80.) 

I have treated sections of the same cartilage, after they had for several 
days been washed out with distilled water, with a one-half per cent, solution 
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of gold chloride, whereupon they assumed a dark purple color, and showed 
all the features described, somewhat more distinctly than simple carmine 
preparations. I deem their detailed description unnecessary. 

When I became acquainted with Spina’s researches (see page 141), I 
deemed it of importance to repeat the examination according to his method. 
I therefore placed a larynx, immediately after removal from the body of a 
girl, aged twenty-four years, into strong alcohol, and after four days made 
thin sections from the thyroid cartilage in a horizontal direction, transferred 
them in alcohol to the slide, and examined them with both low and high pow- 
ers, adding, from time to time, a drop of strong alcohol to prevent the speci- 
men from drying. The appearance presented by such a specimen is truly 
surprising. As a matter of course, the cartilage corpuscles are shriveled up, 
so that more or less space is left between their jagged periphery and the bor- 



Fig. 81. — Thyroid Cartilage of Adult, kept in Strong 
Alcohol. Horizontal Section. 


C, shriveled cartilage corpuscle; O, longitudinal offshoots; Jt, reticulum in hasls-sub- 
stance; G, granules of living matter. Magnified 1200 diameters. 

der of the basis-substance. With an amplification of 500 diameters, the 
basis-substance is seen pierced by light filaments, which, in many instances, 
can be traced through the intervening space into the body of the cartilage 
corpuscle. Most of these filaments radiate around the corpuscle, and, imme- 
diately after penetrating the basis-substance, diverge and form a reticulum 
throughout its extent. Cartilage corpuscles located near each other are 
directly connected by non-ramifying, and occasionally by ramifying, offshoots, 
or by bundles of such offshoots of a more or less parallel course. The reticu- 
lum in the basis-substance is either radiating or irregularly arranged around 
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the corpuscle. Contrary to the assertion of Spina, the filaments or offshoots 
do, as a rule, ramify, except those that directly connect the neighboring cor- 
puscles. Sometimes thick bundles of offshoots emanate from opposite poles 
of the corpuscles, while intervening portions of the periphery are almost 
devoid of offshoots. Toward the periphery of the thyroid cartilage, — where, 
as is well known, the cartilage corpuscles elongate, becoming smaller and 
spindle-shaped and more or less parallel to each other, — the offshoots are 
given off rectangularly to the axis of the corpuscles. 

High magnifying powers, immersion lenses No. 10 and No. 12, con- 
clusively prove the connection of the offshoots with the cartilage corpuscles. 
Portions of the basis-substance which, with lower powers, looked only granu- 
lar, now show a- delicate reticulum, which, even when coarser offshoots are 



Fig. 82. — Thyroid Cartilage op Adult. Horizontal Section. 

C, O, cartilage corpuscles; F, fibrous portion of cartilage; (?, granules of living matter. 
Magnifiert 600 cliameters. 

wanting, is connected with the cartilage corpuscle through delicate and more 
or less conical offshoots from the surface of the corpuscle. 

The light interstices between the fibers of striated basis-substance are 
also traversed by delicate grayish thorns. Such thorns are visible even in the 
perichondrium. Through the fibrous bundles of the perichondrium run, in a 
nearly rectangular direction, delicate light streaks, while the interstices 
between the bundles, and the spaces left between the corpuscular elements 
and the bundles, exhibit delicate conical grayish threads, the direction of 
which corresponds to these light streaks. (See Fig. 81.) 

The highest powers of the microscope disclosed in one of the specimens 
examined another feature in the hyaline basis-substance, viz. : the presence 
of a number of granules or minute lumps of varying shape, some interwoven 
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with the direct offshoots of the corpuscles, and some with the threads forming 
the finer net-work of the hasis-suhstanee. They appeared to he thickened 
points of intersection, knots, or nodes, composed of the same material as the 
offshoots and threads themselves. They were unquestionably granules of 
living matter. I found their greatest development in a case examined without 
Spina’s method — a case which I shall describe presently. 

The observation which I am now about to record was made in specimens of 
the thyroid cartilage removed from the body of a rather stout man, forty-eight 
years old. After having been hardened in chromic acid solution, without any 
other re-agent, they exhibited formations in the basis-substance which, so far 
as I am aware, have never before been described. I have alluded to them as 



Fig. 83. — Thyroid Cartilage op Adhlt. Horizontal Section. 

C, cartilage corpuscle; R, hyaline Lasis-substance ; G*, granules of living matter. Mag- 
nified 1200 diameters. 

found in one of the specimens examined, with the highest powers of the 
microscope, by the alcohol method of Spina. 

As to the cartilage corpuscles in these specimens, many of them were 
larger and more coarsely granular than are commonly observed ; otherwise, 
their characters and the arrangements of the basis-substance, both so-called 
hyaline and fibrous, were like those described before. The intranuclear, 
intracorpuscular, and intercorpuscular net-works were with high powers well 
shown. 

The very remarkable feature was that, with quite low power, the basis- 
substance was seen to be speckled and studded with granules or lumps, varying 
from that of a point at the limit of the visible to that approaching the dimen- 
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sions of a regular cartilage corpuscle. Of course, no one must for a moment 
think of anything like the pathological conditions that have been described, 
either as granular degenerations of the cartilage basis-substance, or as in- 
crustations of the corpuscles. Not only were the appearances entirely differ- 
ent and the cartilage healthy, — as otherwise ascertainable, as well as from the 
known condition of the man and of the cause of his death, — but the true 
nature of the lumps was made perfectly clear by examination with higher 
powers. (See Fig. 82.) 

When magnified to the extent of 600 diameters, the same relative appear- 
ance was preserved. The lumps in the basis-substance still varied in size, 
from the limit of the visible to the magnitude of ordinary cartilage corpuscles ; 
but, in all the larger lumps, differentiations were visible which approached 
them in structure, as well as in size, to cartilage corpuscles. In some, one 
or more vacuoles, in others, a small or large nucleus, or even two nuclei, 
could be made out; and a few (i. e., occasionally one in some fields) showed 
irregular twin, or even triplet, formation. 

The highest power threw a wonderful light upon these lumps. They were 
seen to be masses of living matter. The larger showed a net-work in their 
interior, some without and some with a nucleus, and the latter, when present, 
was sometimes homogeneous and sometimes reticulated. All the lumps, 
except the smaller, were surrounded by a distinct light seam, through which 
radiating conical offshoots passed to the net-work in the basis-substance; 
and all of them, even the smallest, sent delicate offshoots connecting them 
with that net-work, or were themselves part and parcel (i. e., thickened points 
of intersection of the threads) of that net-work. (See Fig. 83.) 

After having studied such a specimen, it was easy to interpret correctly 
the intrareticular granules seen in the alcohol specimen represented in 
Fig. 81. 

Development of Cartilage.* Hyaline cartilage is developed, in 
the same^way as fibrous tissue and bone, from the indifferent 
medullary elements which, in human embryos, between the fourth 
and fifth month, and in newly born dogs, cats, and rabbits, are 
stored up in a still considerable amount in the vascularized 
medullary spaces of the cartilage. 

Upon the authority of Schwann, the erroneous view has been 
generally held that blood-vessels are found in hyaline cartilage 
only a short time before commencing ossification. In early 
periods of development of cartilage, medullary spaces are pres- 
ent containing blood-vessels, — viz. : arteries, veins, and capil- 
laries, — which, as Bubnofft has demonstrated, are preserved to 
quite an advanced age. 

In such spaces we find, besides a varying number of blood- 

* ‘‘Untersuchungen fiber das Protoplasma. IV. Die Entwickelung der 
Beinhaut, des Knochens und des Knorpels.” Sitzungsber. der Akad. d. 
Wissensch. in Wien, 1873. 

t Sitzungsber. der Wiener Akademie d. Wissensch., 1868. 
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vessels, medullary tissue, consisting of globular or spindle-shaped 
corpuscles, with a slight amount of a myxomatous and fibrous 
reticular basis-substance. Lower powers of the microscope reveal 
that the boundary line between medullary and cartilage tissue in 
some places is sharply defined, while in other places it is indistinct 
or invisible. In the most peripheral portions of the medullary 
tissue, i. e., nearest the cartilage, we see rows of spindle-shaped 
or oblong bodies, bear- 
ing a close resemblance 
to the medullary cor- 
puscles found on the 
boundaries of forming 
bone-tissue. (See Fig. 

84.) 

In the cartilage of 
the knee-joint, at the 
extremity of the femur 
of new-born pups, we 
meet not infrequently, 
at the borders of a 
medullary space, close 
to the fully formed car- 
tilage, with groups of 
medullary corpuscles, 
the peripheral portions 
of which are beginning 
to be infiltrated with 
an apparently homoge- 
neous basis-substance, 
while the central por- 
tion retains the charac- 
ter of the cartilage cor- 
puscle. Under these 
conditions, homogene- 
ous (in the optical di- 
ameter semicircular) 
fields are projected into 
the caliber of the medullary space. Or a gradual transition of 
medullary into cartilage tissue takes place at the border of the 
medullary space, with the result that a number of spindle-shaped 
medullary corpuscles are transformed into a territory of cartilage 
tissue, which in this situation sometimes exhibits a delicate 



Fig. 84 . — Hyaline Cartilage op the Condyle 
OF Tibia op a Human Embryo, Four Months 
Old. Sagittal Section. Chromic Acid 
Specimen. [Published in 1873 .] 

M, niedullary canal, transveraelj- cut, containing Blood- 
vessels and medullary tissue ; C, cartilage, witli marked 
teiTitories in the hasis-suhstance. Magnified 200 diam- 
eters. 
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striation. In the first case, the result is a globular territory with 
a central cartilage corpuscle ; in the latter, a spindle-shaped terri- 
tory, containing an elongated, spindle-shaped corpuscle. (See 
Fig, 85.) 

There is a marked difference, however, between the territories 
of the cartilage in very young and in fully developed animals. 
In the articular cartilage of human embryos from four to five 



Fig. 85 . — Hyaline Cartilage of the Condyle of Femur of a New-born 
Pup. Sagittal Section. Chromic Acid Specimen, Slightly Stained 
WITH Chloride of Gold. [Published in 1873 .] 

l', loop of a capillary Blood-vessel in a medullary canal of tlie cartilage ; I, elongated 
niedullary corpuscles In the stage of indifference ; B', Boundary zone of Basis-suBstance ; 
B'i, fully developed Basis-suBstance. Magnified 800 diameters. 

months old, and that of newly born dogs and cats, the latter being 
at birth as far advanced in development as man at four or five 
months, we see territories only, with numerous cartilage cor- 
puscles, between which the basis-substance is scanty, as if sprung 
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from a few embryonal (medullary) corpuscles, or from a single 
corpuscle. In the fuU-grown animal^ on the contrary, the terri- 
tory contains but one or a few cartilage corpuscles, the double 
and triple formations, between which the basis-substance is very 
scanty or even absent, while in the peripheral portion of the terri- 
tory a large amount of basis-substance is found, which must have 
originated from a corresponding large number of embryonal 
(medullary) corpuscles. Although the cartilage corpuscles of very 
young animals are decidedly smaller than those of the full-grown, 
there is not the slightest evidence of a so-caUed “interstitial 
growth,” i. e., an increase of the bulk of the corpuscle as well as of 
the basis-substance already formed. It is far more probable that 
the embryonal cartilage is not the same formation from which 
the cartilage of the adult arises ; it certainly is not in the same loca- 
tion as far as the size of the whole body is concerned. Besides, 
a fully formed cartilage, or any other tissue, grows, during the 
time that the cartilage is returning to the medullary condition, 
only in limited places, when a new grouping of medullary cor- 
puscles takes place, and a new basis-substance is developed. 

Those who maintain that an “interstitial” growth takes place, 
forget that a cartilage corpuscle, once imbedded in the dense, 
chondrogenous basis-substance, cannot increase in size unless a 
liquefaction of the basis-substance has occurred, at least at the 
borders of the cavity containing the corpuscle. The same objec- 
tion can be raised against the hypothesis of the division of carti- 
lage corpuscles in the fully developed tissue. The probability is 
far greater that cartilage grows with the growth of the whole 
body, from medullary corpuscles at the periphery, while the 
central portions are reduced into medullary tissue for the benefit 
of the growing bone-tissue. The “apposition theory” considered 
in this light is the only legitimate one, as there is no dif&eulty in 
understanding that from the perichondrium, or other peripheral 
formations of connective tissue, always, of course, through the 
intervening stage of medullary tissue, new cartilage is produced 
during the whole period of development of the body. 

The process of development of cartilage with striated basis- 
substance is materially the same as that of hyaline cartilage, as I 
could trace on the lateral surfaces of the condyle of femur of 
growing rabbits. Here we find intermediate striated cartilage 
between the hyaline cartilage and the tendon or ligamentous 
tissue; and the intermediate striated portions may be found to 
contain fielos of hyaline cartilage. With such evidences it is not 
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difficult to convince oneself that the character of the cartilaginous 
basis-substance, whether hyahne, striated, or fibrous, depends 
upon the shape and the grouping of the original, indifferent 
medullary corpuscles alone. 

The cartilaginous callus, obtained after subcutaneous fract- 
ures of the leg-bones of dogs and cats, I fonnd very suitable for 
the study of the development of cartilage. Here the new forma- 
tion of cartilage arises from nests, identical with medullary 
spaces, which in their center contain blood-vessels, at their 
periphery spindle-shaped elements, as the result of the inflamma- 
tory new formation. The meduUary elements close around the 
blood-vessel are globular, and are succeeded by layers of spindle- 
shaped bodies, the nuclei of which are partly faded, indicating 
that these formations are in the stage of transition from a uni- 
form granulation into the stage of infiltration with glue-yielding 
basis-substance. In such inflammatory nests, also, we observe 
the transformation of capillary blood-vessels into solid strings, 
and afterward into small medullary elements. The process is 
the same as in the involution of bone-tissue, due to normal senile 
changes. In the same cartilaginous callus we also encounter 
numerous nests in which red blood-corpuscles and blood-vessels 
arise from cartilage corpuscles (see page 98), and these forma- 
tions precede the liquefaction of the calcified cartilaginous basis- 
substance, which occurs previously to the production of new 
medullary tissue and of bone. 

The embryonal or medullary elements are, under aU circum- 
stances, the formers of tissue. Those from which bone arises 
have been termed “ osteoblasts ” by Glegenbaur, who considered 
them to be, specifically and exclusively, bone-formers. We are 
far from understanding the specific nature and limits of embry- 
onal corpuscles, and the designation “osteoblasts” is therefore 
superfluous. We might with equal propriety speak of “ periosto- 
blasts,” “ chondroblasts,” etc., while, in fact, all these tissues 
originate from one and the same source — namely, the medullary 
tissue. What character the territory will assume, what will be 
the nature of the basis-substance in the territory, depends upon 
the grouping of these many-named “ blasts ” in the stage of indif- 
ference preceding the new formation of a tissue. 

In 1873, I admitted the possibility that, under certain physio- 
logical conditions and changes, one variety of basis-substance 
might be directly transformed into another ; periosteum, f . i., into 
bone or into cartilage, hyaline into striated cartilage, etc. This 
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possibility seems to me, to-day, to be very slight, so much so 
that even a direct transformation of hyaline into fibrous carti- 
lage is doubtful. I am positive that one variety of hasis-substance, 
one hind of connective tissue, can never be transformed into another 
except through the intermediate stage of medullary tissue. A com- 
pletely developed tissue must first return to the embryonal condition, 
before a new and different tissue can develop from it. 

Remak * was the first to approach our present views respect- 
ing the formation of basis-substance of cartilage. He maintained 
that it is deposited between the outer and the inner membrane of 
the cartilage-cell, whereupon the outer membrane perishes, and 
the shells of the “ parietal substance ’’ fuse together in order to 
form the intercellular substance. 

E. Brucke, t in accordance with the views held by Max 
Schultze, considered the outermost layer of the cartilage cells, 
destitute of a membrane, to be the former of basis-substance 
proper. The layer close around the unchanged portion of the 
cell-body he asserts to be more dense than the rest of the basis- 
substance, and this condensation causes the appearance of a 
capsule. Similar views are held by R. Heidenhainf concerning 
the formation of single and stratified capsules. If these views 
were correct in every respect, we ought to find in developing 
cartilage enormous corpuscles, corresponding in size with the 
whole territory, before the changes at their periphery had 
ensued. But the facts are just the contrary to this, for in the 
embryonal cartilage the corpuscles are decidedly smaller than in 
that of the adult. 

A. Spina § demonstrates that, in fully developed cartilage, 
with advancing age the amount of basis-substance increases at 
the expense of the cartilage corpuscles. These become pale, 
finely granular, destitute of nuclei, and then disappear in the 
basis-substance. The protoplasmic reticulum of the cells, he 
says, does not perish, but remains, somewhat altered in its 
character, in the basis-substance. This explains why, in the 
articular cartilage of the very aged, the corpuscles are so 
extremely scanty and small. 

* Muller’s AreMv, 1852. 

t“Die Elementarorganismen.” Sitzungsber. d. Wiener Akademie d, 
Wissensch., 1861. 

t Studien des Physiol. Instit. zu Breslau, 1863. 

$ “ Untersuchungen iiber die Bildung der Knorpelgrundsubstanz.” 
Sitzungsber. d. Wiener Akademie d. Wissensch., 1880. 
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I can fully corroborate Spina’s assertions from my own 
observations. 


(4) Bone Tissue, 


History, The growth of the hones was the subject of careful studies in the 
seventeenth and eighteenth centuries, long before anything positive was 
known as to their structure. Adrianus Spigelius * was the first to maintain 
that the bones grow either from cartilage or by apposition. 

Clopton Havers t found that bone arises from cartilage. 

Robert Nesbitt t says that “ there is not one single phenomenon to sup- 
port the notion of bones being nothing but indurated cartilage, or that they 
are produced only by a transmutation of a cartilaginous substance, and all 
bony productions are caused entirely by the apposition of cretaceous matter.” 

In the middle of the eighteenth century, Duhamel, § after experiments by 
systematically feeding various animals with madder, asserted that the bones 
grow from the periosteum, and was contradicted by A. Von Haller, who 
denied any participation of the periosteum in the process. Exactly the same 
fight is carried on even in our day. 

John Hunter 11 found in the growth of bones “two processes going on at 
the same time, and assisting each other : the arteries bring the supplies to 
the bone for its increase ; the absorbents at the same time are employed in 
removing portions of the old bones, so as to give to the new the proper form. 
By these means the bone becomes larger, without having any material change 
produced in its external shape.” 

J. Howship IT speaks of lining-membranes of the canals of the bone carry- 
ing the blood-vessels ; he did not see the lining in full-grown bone, “possibly 
because the circulation of the red blood is more limited in full-grown than in 
young bone.” He gives illustrations of lacunar widenings of the canals, 
evidently caused by a morbid process. 

After the bone-corpuscles (lacunge) and their canaliculi were made known 
by Purkinje and Deutsch (1834), Johannes Muller* pointed out their con- 
nection, and suggested that all these spaces are filled with lime, and should, 
therefore, be termed canaliculi chalicophori. 

Lessing ^ first drew attention to the fact that the dark appearance of the 
lacun® and canaliculi, seen in specimens from dry bone, is due to their con- 
taining air, and was inclined to regard them as a lacunar system, filled, in 
living bones, with fiuid. Klebs, much later, made the wonderful discovery 
that the contents of these spaces in older, even fresh bones, are of a gaseous 
nature. 

*“De Pomiationo Fojtu,” 1631. The early literature is found in Alb. Kolliker: “Die 
Normale Iie.sorptiou des Knocheiigewebes.” Leipzig, 1873. The later literature, from 1836 to 
1878, is given by M. Kassowitz : “ Die Normale Ossification,” etc. Wiener Med. Jahrbiicher, 
1870. 

t “ Osteologia Nova ; or. Some New Observations in the Bones.” London, 1691. 

t Human Osteogeny, oxifiained in two lectures. London, 1731. 

§ “ Mdmoires de 1’ Acad6mie de Paris.” 1742. 

II “Experiments and Observations on the Growth of Bone,” from the papers of the late 
Mr. Hunter, by Everard Homo. London, 1798. 

II “Microscopic Observations on the Structure of Bone.” Medico-Chirurgical Transac- 
tions. London, 1816. 

1 Muller’s Ai'chiv, 1836. 

2 “Ueberein plasmatisches Geffiss-System in alien Geweben, insbesoiiders in Knochen 
und Zahnen.” Hamburg, 1846. 
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R. Virchow claimed that the lacunar and canalicular spaces are really 
plasmatic, and can he isolated, as true ‘‘hone-cells,” hy the treatment of 
dry hone with acids. He was contradicted hy E. Neumann, t who con- 
clusively proved that Virchow’s branching cells are nothing hut the densified 
walls of the lacunae and the larger canalienli resisting the action of strong 
acids and alkalies (elastic substance). Such a substance was found to line 
also the Haversian canals. 

A. Kdlliker t declared that on the external surfaces of growing hones an 
absorption takes place. Virchow, in 1853, § agreed that such an absorption 
occurs on the cerebral surfaces of the skull-hones. Virchow had, in 1852, 
asserted that the hay-like excavations (so-called Howship’s lacunge) on the 
surface of pathological hones are due to a melting of the substance of the 
bone, in correspondence with the cell territories ; afterward, he maintained 
that the hone-cells set free hy the solution of the intercellular substance, are 
transformed into medullary cells. 

Tomes and De Morgan 1| observed erosions in carious and provisional teeth, 
and argued in the following manner : “ When we connect this condition with 
the fact that the nucleated cells, which form the embryo, have the power of 
appropriating the material which lies about them to the purpose of their own 
gi’owth, ... it is difficult to resist the belief that the cells which lie in con- 
tact with wasting bone and dentine take up those tissues. . . . An objection 
may be raised to the supposition that the bone is absorbed by cells, on the 
gi’ound of the density of the former ; but it must be borne in mind that, as 
the density is gradnally imparted to the bone through the agency of the 
adjoiniug soft parts, there seems no good reason for disbelieving that they 
may also be instrumental in its removal.” IT 

Heinrich Muller, in 1858,’ published Ms epoch-making researches on 
development of bone, wMeh are the foundation of onr modern views on this 
snbject. His observations will be dwelt upon in the article on development 
of bone. Reference will there also be made to the researches of Gegenbaur 
(1865) and Waldeyer (1865). 

Ed. Lang ’’was the first to ascertain that, in bone-specimens of recently 
killed animals, the lacunae contain protoplasm, which is, to a certain degree, 
endowed with the property of amoeboid motion, and from which starts the 
inflammatory new formation. " 

In the last decennium, a lively controversy was carried on regarding the 
question whether or not a growth of the bone by expansion, a so-called inter- 
stitial growth, occui’s. 

Ruge,* as the resnlt of his coimting and measnring the distances between 
bone-corpuscles, became a defender of the theory of interstitial growth. Jul. 
Wolff ^ energetically maintained an interstitial growth, and denied any appo- 

* “ Wiirzbtirger Verliaiullungeii,” 1860. 

t“Boitrago zur Keiiutniss des uoriu. Zaliiibein- uiid Knocliengewebes.” Kiinig-sberg, 
1863. 

I “Mikroskopisclie Aiiatomie,” 1850. 

§ Virchow’s Archiv, Bd. iv. 1862 ; Bd. v. 1863. 

II “ Observations on the Structure and Development of Bone,” 1852. Philosophical 

Transactions, 1863. * 

TT All quotations from authors in this historical sketch are from Kolliker (1. cj. 

1 “Zeitschrift fiir Wissensch.-Zoologie.” Bd. ix. 

2 “ Untersuchungen iiber die ersten Stadien der Knochenentzundung.” Wiener Mediz. 
.Tahrb., 1871. 

3 Virchow’s Archiv. Bd. 49. 


4 Virchow’s Archiv. Bd. 60. 
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sition from cartilage and periosteum. Lieberkiihn, ** on the contrary, fully 
corroborated the old and well-established views of an apposition. Eecently, 
again, Strelzofft favored the view of an interstitial growth, and was con- 
tradicted by Steudener, t who demonstrated- that the bone-corpuscles with 
advancing age decrease somewhat in size, and consequently appear to become 
farther apart as the bulk of the basis-substance increases. 

V. Ebner § has arrived at the conclusion, based on macerations of bone in a 
ten to fifteen per cent, solution of chloride of sodium, to which he added one to 
three per cent, muriatic acid, that the lamellse of bone-tissue are composed of 
fibrillse. These fibers, according to him, can be isolated only for short distances, 
as they are interwoven and held together by a cement-substance containing the 
lime-salts, while the fibrillse themselves are glue-yielding, but destitute of 
lime-salts. Fibers running from a lamella to the surface of the bone consti- 
tute the perforating fibers of Sharpey. 

C. Langer 1| added valuable contributions to the knowledge of the distribu- 
tion of blood-vessels in shaft and flat bones. 

M, Kassowitz U published an extensive article on the formation of bone, 
with special reference to the periosteal cartilage. 

Methods. It is one of the strangest facts in histology that, 
although for a number of years dry specimens of tissue have been 
acknowledged to be worthless for microscopical research, bone 
even in our day is studied in the dry condition. All books of all 
nations on histology give accurate directions for slicing dry bone 
and grinding the sections thin for mounting in Canada-balsam. 
Such specimens are of little value for examinations with the 
microscope. Specimens of dry bone are about as useful for 
obtaining histological facts as are the silver- stained specimens of 
other tissues — i. e., both exhibit the frame of the tissue, while 
all the soft parts, the real seats of life, are destroyed. 

There is but one way to render bone-tissue suitable for study, 
and that is by softening fresh bone in a one-half per cent, solution 
of chromic acid, to which from time to time very small quantities 
of dilute hydrochloric acid may be added. If the chromic acid 
solution be changed every fourth or fifth day, and if a large quan- 
tity of the liquid be used for small pieces of bone, in a few weeks 
the specimens can be easily cut with the razor. This method 
was introduced by H. Muller in 1858, but has been far too much 

* Sitzuiigsl). d. Marburger Gesellscli., 1872. 

i TJntersuclraiigeii ana dem PaUiol. Inst, zn Ziirich, 1873. 

t“Beitrage zur Lelire von d. Knocheneiitwicklung.” Abh. der Naturf. Ges. zu Halle, 
1876. 

§“Ueber den felneren Ban der Knocliensubstanz.” Sitzungaber. d. Wiener Akad. d. 
Wissenacli., 1876. 

||“Ueberdas Geiass-System der Eolirenknoclien.” Denkscliriftender Wiener Akademie 
d. Wissenacli., 1876. “Ueberdie Blutgelasse der Knoclien des Schadeldaches.” Denksclnif- 
ten d. Wiener Akademie der Wissenscli., 1877. 

y “ Die Normale Ossification,” etc. Wiener Mediz. J ahrbiiclier, 1879. 
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neglected. The best specimens are obtained from portions in 
which the basis-substance is not entirely decalcified, as in these 
the bone-corpuscles and their offshoots, as well as the corre- 
sponding cavities in the basis-substance, the lacunae and canal- 
iculi, are best preserved. For mounting, only dilute glycerine 
should be used. 

A number of examiners have attempted to settle the question 
whether the lime-salts are deposited mechanically in the basis- 
substance, or whether there is a chemical union of the molecules 
of lime and glue. The question probably will never be satisfac- 
torily answered. This much is certain, that by the extraction of 
the lime-salts by means of chromic acid, no material changes are 
produced in the glue-yielding basis-substance. 

Bone-corpuscles. As early as in 1850, E, Virchow discovered 
the identity of the “bone-cells” with other “connective-tissue 
cells.” Though he at first held the mistaken idea that the walls 
of the cavities were the bone-cells proper, he admitted later 
that the cavities, being hollow and filled with a liquid, hold 
the bone-cells. He was the first who recognized them to be 
the seats of life, and able to proliferate and produce medullary 
tissue. 

As late as 1871, Ed. Lang, in Strieker’s laboratory, recog- 
nized the bone-corpuscles to be living matter or protoplasm in 
the fresh condition, endowed with the property of amoaboid 
change. In this view the bone-tissue, as well as every other 
variety of connective tissue, is built up by a calcified, glue- 
yielding basis-substance, containing scattered cavities and outlets 
of the cavities — the lacunae and canaliculi of former histologists ; 
the lacunae are filled with living matter, the bone-cells or bone- 
corpuscles. Nothing positive was known at that time as to the 
contents of the canaliculi. 

In 1872,* I undertook to study bone-tissue, both in fresh 
and preserved specimens. In fresh sections, taken from the con- 
dyle of the femur of young rabbits, transferred to the slide 
together with a drop of a one-half per cent, solution of table-salt, 
or, stiff better, of Muller’s liquid, with an immersion lens No. 10 
of Hartnack, I recognized the bone-corpuscles. They were round 
or oblong bodies of a grayish tint, lying in a shining basis- 
substance, which appeared traversed by numerous light canals. 

* “ Studien am Knoehen und Knorpel.” Wiener Mediz. Jahrbiieher, 
1872. 
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In tlie bodies, which were indistinctly spotted, I could often see 
a nucleus-like formation, with scalloped outlines. “ The cell- 
body,” I said, “ is surrounded by a light, narrow zone, in which 
numerous conical offshoots are visible, emanating from the cell- 
body, and exhibiting the same character as the cell-body.” In 
many places I could trace these extremely delicate, branching 
offshoots for a considerable distance in the basis-substance, and 
saw them unite with the offshoots of neighboring corpuscles. 
When the offshoots could not be followed far away from the 
body, I found their continuations to be the light, branching 
canals in the basis-substance. 

The offshoots and their anastomoses I could see very plainly 
in specimens stained with chloride of gold, where the dark violet 
bone-corpuscles were seen sharply defined upon the pale violet 
basis. The offshoots were likewise distinctly visible in speci- 
mens of bone, decalcified by lactic acid. With this method 
the corpuscles seemed not to have shriveled, as .the rim be- 
tween them and the basis-substance was not broader than in 
fresh specimens. 

In specimens preserved in chromic acid, the bone-corpuscles 
appeared somewhat shriveled. The basis-substance inclosing their 
cavity was traversed by numerous canals. Most of the offshoots 
of the corpuscle resembled conical thorns, which terminated in 
fine points toward the calibers of the canals, but only in a few of 
these could I discern a granular substance which possessed the 
characteristics of the corpuscle. 

In normal bone, I was convinced that the bone-corpuscles had 
offshoots which partly projected in the canaliculi, partly inoscu- 
lated with each other. A plain view of these offshoots, however, 
could be obtained only in bone, in which an inflammation had 
been artiflcially induced. One of the first noticeable changes in 
osteitis was the swelling of the corpuscle and the increased dis- 
tinctness of its offshoots. These observations are illustrated on 
page 126, Fig. 40. 

In 1872 I was not aware of the significance of the union of the 
bone-corpuscles, and it was not until a year later that I made use of 
the structure of bone-tissue for pointing out new biological views. 
I have been led, by careful researches of osteitis, to the conviction 
that the basis-substance must be pervaded by a large amount of 
living matter in reticular arrangement, which after liquefaction 
of the basis-substance is freed and participates largely in the 
inflammatory new formation. Direct proofs of the presence of 
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this extremely delicate reticulum I could not obtain, as all trials 
with silver and gold staining of hone proved to he failures. 

The hone-corpuscles, as well as all other connective-tissue 
corpuscles, are formations of living matter, which in a juvenile 
condition are found to he compact, homogeneous, or vacuoled 
lumps, while in full development they are nucleated plastids. 
Their shape varies, to some extent, with that of the territories of 
hasis-suhstance in which they exist. We find globular hone- 
corpuscles, which have assumed a star-shape by the appearance 
of numerous radiating offshoots, in the earliest formations of 
globular territories. We also meet with globular bone-corpuscles 
at the peripheral portions of fully developed Haversian systems, 
owing to the presence of the first formed territories of this sys- 
tem, and again in the interstitial bone-tissue between the systems, 
in places where no lamellae are formed. In striated or lamellated 
bone-tissue the corpuscles are oblong or spindle-shaped bodies, 
slightly bent in the direction of the striae or lamellae, intercon- 
nected by larger offshoots, emanating from both poles, and by 
numerous delicate offshoots, traversing the basis-substance in a 
rectangular direction. The latter offshoots arise at right angles 
from both the periphery of the corpuscles and their larger longi- 
tudinal branches. In the Haversian systems the bone-corpuscles 
are slightly flattened, and in longitudinal sections exhibit their 
broadest oblong surface whenever the razor strikes a peripheral 
portion of a Haversian system, while they have the appearance of 
narrow spindles, when the razor runs through the middle of a 
lamellated system. In transverse sections of the system the 
corpuscles exhibit irregular shapes, and again vary in their diam- 
eters according to the depth to which they are cut by the razor. 
A spindle will necessarily look broader if the section has been 
made transversely through the middle, and narrow if near the 
ends. 

Varieties of Bom-tissue. There are two kinds of bone-tissue, 
which, in the fully developed subject, however, are always com- 
bined with each other, viz. : the cancellous, epiphyseal, or spongy 
bone-tissue, and the compact or cortical bone-tissue. 

(a) Cancellous.! Epiphyseal., or Spongy Bone-tissue is built 
up by trabeculm, arranged as a frame-work inclosing the medul- 
lary spaces. It is the only kind found in early stages of develop- 
ment of bone. In the fourth, fifth, and sixth months of 
embryonal life of human beings, and in dogs, cats, and rabbits 
at birth, no other bone-tissue but the cancellous is found. In 
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the juvenile skeleton, this structure composes the epiphyseal 
ends and the central portions of the shaft-bones, and the central 
portions of flat and short bones. (See Fig. 86.) 

Cancellous bone-tissue of the embryo is invariably striated 
and non-lamellated. In the fully developed skeleton it exhibits 
usually indistinct lamellee. The spaces between the trabeculae 
of cancellous bone are in youth Ailed with a richly vascular- 
ized medullary tissue, the “red meduUa’’ of Virchow ; while with 



Fig. 86. — Tibia of a Newly Bokn Pup. Longitudinal Section. 

Chromic Acid Specimen. [Published in 1873 .] 

T, trabeculae of boue-tiesue containing bone corpuscles; M, medullary spaces filled 
with medullary tissue, holding blood-vessels in the most central portions. Magnified 200 
diameters. 

advancing age the spaces exhibit fat-tissue, Virchow’s “yellow 
medulla.” 

In very old persons there is an increasing deflciency of both 
the cancellous and compact bone-tissues ; the bone corpuscles are 
also very small and few in number, as many of them have been 
transformed into basis-substance. 

The relation between the cancellous and the compact structure 
differs in different bones. As a rule, the short bones are largely 
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made up of cancellous tissue, with only a thin layer of compact 
hone at their peripheries. Flat hones exhibit the cancellous 
structure in the middle portion, the diploe of skull-hones, 
while the layers on the outer and inner surface are formed 
entirely of compact hone, the outer layer being generally 
broader and richer in blood-vessels than the inner. Thin, small, 
flat bones, such as the ethmoideal, turbinate, etc., may be con- 
sidered as flattened trabeculae of the cancellous variety. The 
shaft-bones have a broad investment of compact structure in 
their middle, i. c., diaphyseal portion, while this tissue gradually 
decreases toward the ends, the epiphyses. These parts, as well 
as the large central marrow space, exhibit the cancellous struct- 
ure in greatly varying amounts. H. Meyer first drew atten- 
tion to the fact that the trabeculae of the cancellous structure, 
especially in the epiphyseal extremities of shaft-bones, were built 
up according to a certain law, and J. Wolif, with the assistance 
of Culmann, has explained, according to mathematical principles, 
the regular arrangement of the trabeculae in the directions of 
lines of pressure and traction. 

fbj Cortical or Compact Bone-tissue is composed of parallel 
lamellae, closely packed together in intimate relation with the 
blood-vessels. The cortex of both flat and shaft bones consists of 
a concentric system of lamellae surrounding the central marrow 
space, and this concentric system in its middle portion is trav- 
ersed, usually at right angles, by a number of systems of lamellae, 
each surrounding a central blood-vessel. Thus, two peripheral 
systems of lamellae originate, of which the outer is always the 
broader, and well marked, the inner often but little developed. 

The middle portion, lying between the two peripheral sys- 
tems, is traversed more or less rectangularly by the Haversian 
systems. In transverse sections of the cortex of shaft-bones, the 
lamellae of the two peripheral systems run longitudinally, while 
the Haversian systems are cut transversely or obliquely. Be- 
tween the latter there are the longitudinal lamellas of the so-called 
interstitial or intermediate” bone-tissue. (See Fig. 87.) 

The Haversian system is composed of lamellae which are dis- 
posed in concentric layers around capillary blood-vessels. Such 
systems of lamellae are regularly arranged in the cortex of the 
long bones, and irregularly in the cortex of flat bones. The outer 
contour of a system is never smooth and even, but composed of 
a number of shallow protrusions, viz., the first-formed territories, 
and the aggregation of these formations gives the outer contour 
15 
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of a Haversian system a tinted appearance. The systems are 
sometimes found close to each other, with very little inter- 
mediate hone-tissue between them; or they may be more or 
less apart, with a distinctly lamellated intermediate bone-tissne 



between them, the lamellae of which run in a direction more or 
less parallel with the peripheral lamellae. This probably depends 
upon the original distribution of the blood-vessels, which, if rami- 


CONNECTIVE TISSUE. 


227 


fying at very acute angles, will make their systems of lamellEe lie 
close together ; hut if ramifying at less acute angles, will leave in- 
terstices filled with distinctly lamellated intermediate hone-tissue. 
In order to render the formation of cortical hone easily understood, 
the following illustration is often used : take a numher of matches, 
around each of which is twined a cord, and wind the cord around 
the hnndle, the match representing the Haversian canal, the twines 
around each match the systems of lamellae, and the twines around 
the bundle the peripheral lamellae. This comparison holds good, 
of course, only for the case in which the intermediate hone-tissue 
is absent. The law, however, according to which the peripheral 



Fig. 88. — Tibia of a Grown Dog. Cortical Portion, Transverse 
Section. Chromic Acid Specimen. 

6', Haversian system of lamella;, containing tlie Bone-corpuscles, C, witli tlieir radiating 
offshoots ; M, central medullaiy, so-'called Haversian canal, containing a capillary Blood- 
vessel ; J, interstitial Bone-tissne indistinctly lamellated. Magnifled 500 diameters. 

and the Haversian systems of lamellae are formed, has not yet 
been explained. 

With higher amplifications of the microscope each Haversian 
system proves to he composed of a numher of concentric lamellae, 
which are not perfect throughout the system. Both within and 
between the lamellae, hone-corpuscles are visible with radiating 
offshoots, a numher of which traverse the lamellae, without being 
in direct connection with a hone-corpuscle. (See Fig. 88.) 
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The center of the Haversian system is pierced by the medul- 
lary or vascular canal, which is of a varying caliber, according to 
the age of the individual, and contains, besides a certain number 
of medullary corpuscles, one or two central capillary blood- 
vessels. Whenever the extremity of the animal from* which the 
shaft-bone was taken had been in a pendent position after death, 
the vessels are found filled with blood-corpuscles. 

Longitudinal Sections are easily understood after the study of 
transverse sections. Here, too, the Haversian system is bordered 
by a fluting contour, due to the presence of globular territories of 
an early formation, and between the systems we find the inter- 
mediate bone-tissue, which in this situation, as a matter of 
course, will not exhibit lamination. In the intermediate portion 
we find the bone-corpuscles cut -transversely, with most of their 
offshoots cut either obliquely or transversely, the latter being 
represented by a number of delicate dots. 

In the Haversian system the lamellse take a longitudinal 
coimse ; within and between them are found the spindle-shaped 
bone-corpuscles, exhibiting, for reasons explained before, the 
greater bulk the nearer the periphery of the system. The off- 
shoots of the bone-corpuscles emanating from their periphery, as 
well as from their polar projections, pierce the lamellae at right 
angles. The central canal contains a varying number of medul- 
lary corpuscles, and in its middle one or two straight capillaries. 
Even with moderate powers of the microscope delicate filaments 
are recognizable, by which the offshoots of the bone-corpuscles 
connect with the medullary corpuscles, and the latter with the 
endothelial wall of the blood-vessel. (See Pig. 89.) 

Periosteum. The investing fibrous connective-tissue layer of 
all bones, the periosteum as well as the cartilage, takes consid- 
erable part in the development of the osseous system. In human 
embryos of four to six months, the outermost layer of the peri- 
osteum consists of bundles of fibrous connective tissue, and 
between this layer and the cancellous bone there is a broad layer 
of medullary corpuscles, in continuity with the medullary forma- 
tion in the spaces of the bone-tissue. Prom the outer fibrous 
portion of the periosteum oblique bundles of considerable density 
are seen to pass into the medullary spaces of the bone, and these 
bundles remain unchanged even after the compact portions of 
the bone have attained full development. Such bundles, faintly 
visible in chromic acid specimens, are termed “perforating or 
Sharpey’s fibers (described by Sharpey in 1856, but previously 
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by Troja, in 1814). They traverse the outer peripheral system 
of lamellee, sometimes in the form of single cords, sometimes as 
a broad reticulnm, but often they are entirely absent. 


Fig. 89.— Tibia of a Grown Dog. Cortical Portion, Longitudinal 
Section. Chromic Acid Specimen. 


S, Haversiau system of lainollae, coiitiiiniiig tlie Lone-corpuscles, C, with their transverse 
offshoots; JS, central medullary, so-called Haversian canal, containing a cai)illary blood- 
vessel ; I, interstitial bone-tissue. Magnified 500 diameters. 

In fully developed bone the periosteum consists of two layers, 
the outer fibrous portion being supplied with numerous blood- 
vessels, which inosculate directly with the blood-vessels of the 
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bone-tissue, while the innermost portion, elosely attaehed to the 
surface of the bone, is a dense ribboned layer, with a scanty 
supply of blood-vessels, but rich in elastic substance. This layer 
is often the seat of calcareous deposition, and owing to this fact 
its plastids assume irregular, jagged contours similar to those of 
bone-corpuscles. The calcified periosteum, however, is not true 
lamellated bone. It is often described under the name of the 
“ osteoid layer.'” The periosteum is vory thick at the points of 
the attachment of tendons and ligaments. The inner surface 
of the flat skull-bones, after the fifth or sixth year of life, is 
destitute of a periosteal investment proper. This can be clearly 
understood by the study of the development of these bones. 

Blood-vessels. The bone-tissue, its investment, — the perios- 
teum, — and its contents, — the medulla, — are plentifully supplied 
with blood-vessels. They enter the periosteum mainly at the 
points of attachment of the large ligamentous formations men- 
tioned above. Arteries and veins are most abundant in the 
outermost portion of the periosteum, where extensive ramifica- 
tion of these vessels takes place. The arterioles enter the larger 
canals at the surface of the bones and branch into capillaries, 
which unite to form the efferent veins accompanying the arteri- 
oles. At the inner surface of the compact bone, also, there is a 
free anastomosis with the capillaries of the medulla. The 
medulla is supplied with numerous capillaries, arising from the 
so-called nutrient arteries of the bone, which pierce the cortical 
substance obliquely and split at acute angles, both within the 
canal and after entering the medulla. The veins collect the 
blood from tassel-like bundles of capillaries and accompany the 
afferent arteries. The epiphyseal portions of shaft-bones, besides 
the general medullary vessels, receive blood from the vessels 
which supply the articulations. The capillaries terminate, in the 
shape of loops, close below the articular cartilage. The veins in 
the bone-tissue are without valves, but as soon as they reach the 
surface of the bone, we find valves are present (C. Langer). 

Lymphatics are not yet known to exist in the bone-tissue. 

Nerves, both of the medullated and non-medullated variety, 
accompany the larger blood-vessels, but they are not abundant 
in the bone-tissue. In different places in the periosteum. Pacin- 
ian corpuscles are found. 

The medulla of the bone is, in juvenile condition, a myx- 
omatous tissue, at first of the medullary, later of the reticular 
variety (see pages 147 and 148), and, being freely vascularized, is 
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termed “red medulla With advancing age the medulla is 
almost entirely transformed into fat-tissne, while, the blood- 
vessels decrease in number on account of the large proportion 
of fat ; it is then termed the “ yelloiv medulla.^'’ 


The Relation op the Systems op Lamella to 
THE Blood-vessels * 

The cortical substance of the shaft-bones of a newly born 
pup is composed of trabeculae, which form a reticulum, elon- 
gated in the longitudinal axis of the bone, the meshes being the 
medullary spaces. The width of a trabecula is about the same 
as the diameter of a neighboring medullary space. The trabecu- 
lae are bone-tissue of a striated appearance, and contain flat 
bone-corpuscles in a concentric arrangement. In the medullary 
spaces we And the globular elements of the medulla closely 
packed together with ramifying blood-vessels, principally in the 
center. (See Pig. 90, and also Pig. 86.) 



Fig. 90. — Tibia of a New-born Dog. Transverse Section. 

Chromic Acid Specimen. 

P, fibrous portion of tlie periosteum; 8M, subperiosteal meilullary layer; T, ti-abecula- 
of bone ; M, medullarj’’ spaces. Magnified 25 diameters. 

In the compact substance of the bone of a dog about six 
months old, the bulk of bone-tissue several times exceeds that of 
the medullary tissue. W e still meet with meduUary spaces con- 
taining blood-vessels and globular elements. Par more numer- 

* Translated from “Ueber die Riiek- und Neubildung von Blutgefassen im 
Knochen und Knorpel.” Wiener Mediz. Jahrb., 1873. 
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ous than medullary spaces, however, are the so-called vascular 
canals” — i. e., cylindrical or oval tubes, with one or two much 
elongated blood-vessels, and oblong or spindle-shaped medullary 
corpuscles. The larger the diameter of a medullary space or a 
vascular canal, the narrower, as a rule, is the surrounding bony 
layer; the broadest layers of lamellse correspond to the narrow- 
est vascular canals. The blood-vessels of the medullary spaces 
anastomose with those of the vascular canals by means of trans- 
verse and oblique branches; the vessels of the canals anastomose 
with each other, and with every vessel we find a varying thick- 
ness of lamellm. (See Fig. 91.) 

In the diaphysis of the tibia of a dog a little over a year old, 
the area of the bone-tissue surpasses that of the vascular canals, in 



Fig. 91. — Tibia of a Dog, Six Months Old. Transverse Section. 

Chromic Acid Specimen. 

JT, medullary space, witli a relatively small amount of surrouiidins lamellaj; Si, narrow 
system of lamella} around a medullary space; S^, Broader system around a vascular canal. 
Between tlie systems is the lamellated intermediate hone-tissue. Magnified 200 diameters. 

a linear direction, six to eight times. In the compact bone, larger 
medullary spaces are found only in the vicinity of the central 
marrow-canal. The vascillar canals are surrounded by broad 
systems of lamellae, containing the bone-corpuscles in a concen- 
tric arrangement. Sometimes we meet, in transverse sections, 
with two smaller systems, each with a central canal, the two 
encircled by a common layer of an hour-glass shape. The inter- 
stices between the systems are filled by a non-lamellated bone- 
tissue, whose corpuscles are somewhat larger than those of the 
lamellas, and irregularly distributed. The territories of such cor- 
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puscles are sometimes sharply marked. Into the intermediate 
hone-tissue we can also trace vascular canals — the lateral 
branches of the longitudinal vessels of the compact hone. 

In the tihia of a dog several years old, the area of the hone- 
tissue surpasses that of the vascular canals hy twelve or fifteen 
linear diameters. Large medullary spaces are found only near 
the central marrow-tuhe, while the rest of the cortex exhibits 
vascular canals of varying calibers, the larger of which contain 
some reticular connective tissue and fat-globules around the 
vessel. The parallel systems of lamellge belong either to a single 
vascular canal or to two or three narrower systems which are 
surrounded by a large common system. The intermediate tissue 
is usually lamellated ; in portions where lamellae are wanting, 
semicircular or circular contours of territories are found surrouiid- 



Fig. 92. — Tibia of a Dog, Ten Years Old. Transverse Section. 

Chromic Acid Specimen. 

system of lamellffi witR a ceaitral vascular canal; O, system of lamelhe witli a central 
bone-corpuscle ; I, intermediate lamellated bone-tissue. Magnified 200 diameters. 

ing small, bay-like spaces. Not infrequently we meet with sys- 
tems of lamellae, the centers of which are not occupied by a vas- 
cular canal, but by a bone-corpuscle. 

Similar conditions are found in the tibia of a dog eight to 
ten years old, although the solid systems of lamellae are still more 
numerous. The central marrow-tube is inclosed by a common 
lamellated bone-layer, while the layer between the periosteum 
and the bone is lamellated only in part. (See Fig. 92.) 

The femur of the same animal is encircled by a broad, lamel- 
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lated layer beneath the periosteum, as well as at the border of 
the central inarrow-tnbe. Where these layers are pierced by 
vertical vascular canals, such canals, as a rule, are surrounded 
by more or less perfect sheaths of lamellae. 

From these observations it follows that, independently of the 
general growth of the bone, the living matter stored up in 
the medullary spaces is the forming material of bone. The ele- 
ments termed ‘‘ medullary cells,” as well as “ osteoblasts,” are 
transformed into bone-tissue, and in this way the lamellated 
layers of the bone become broader, and the medullary spaces, on 
the contrary, narrower. The systems produced by the contents 
of a medullary space surround smaller systems, the formation 
of which depends upon the single blood-vessels of the former 
medullary space, which now occupy the centers of the vascular 
canals. 

All systems of lamellae, therefore, are vascular territories, — as 
it were, stratified pillars, — the main longitudinal direction of 
which agrees with the course of the blood-vessels in their centers. 
From the main longitudinal course of this structure, branch sys- 
tems, frequently in the oblique, rarely in the transverse, direction. 
The formation of non-lamellated intermediate bone-tissue also 
depends upon the blood-vessels. 

W atching the contents of the vascular canals with high ampli- 
fications, I observed the following features : 

In the bone of a dog about six months old, each vascular 
canal contains one or two blood-vessels, of varying caliber and 
of a straight course. I have several times seen nerves running 
along with the vessels, though my method of preparation was 
not favorable to the clearing up of nerve-tissue. The wall of the 
blood-vessel, as a rule, exhibits the simple structure of a capillary, 
with occasional spindle-shaped thickenings. The vessel is sur- 
rounded by a light rim, traversed by delicate grayish spokes, 
connecting the wall of the vessel with the neighboring spindle- 
shaped elements. The latter ensheath the perivascular space, 
either in a single fiat layer or in several strata, and are also inter- 
connected by short projections. Between the spindles and the 
bone- wall there is again a light rim, traversed by delicate off- 
shoots, which directly connect the spindles with the offshoots of 
the bone-corpuscles. 

In the tibia of a dog over a year old, I found similar vascular 
canals ; besides numerous canals which, sometimes in places and 
sometimes in their whole length, contained only a capillary 
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vessel. I met with this arrangement most frequently in the older 
animals. Between the wall of the vessel and that of the hone 

there is always a light, narrow 
rim, crossed by projections of the 
neighboringbone-corpnscles,nnit- 
ing with the wall of the blood- 
vessel. The rim is absent only 
when the blood-vessel is overfilled 
with an injection mass. 

In the compact portion of 
shaft-bones and scapulae of dogs, 
cats, and rabbits of middle or old 
age, I often encountered vascular 
canals, w^hich were either con- 
stricted in an hour-glass shape 
or terminated in points. This 
condition was positively recog- 
nizable by the fact that, above 
and below the vascular canal, 
layers of bone-tissue (respectively 
bone-corpuscles) could be brought 
into focus. Closer examination of 
such vascular canals in longitud- 
inal sections, as a rule, revealed 
the presence of but one blood- 
vessel. (See Fig. 93.) 

Toward the pointed end the 
wall of the vessel became thick- 
ened, as if composed of spindle- 
shaped corpuscles, between which 
the caliber either narrowed sud- 
denly or gradually, terminating- 
close to a spindle-shaped body. 
In the caliber of the vessel red 
blood-corpuscles were occasion- 
ally present, and I repeatedly sa w 
the injected mass penetrating the 
pointed end. The corpuscle which 
occluded the fine point of the ves- 
sel proved to be a bone-corpuscle, 
and in the direction of the vessel, 
at intervals, similar formations 



Fig. 93. — Horizontal 
OF THE Scapula op 
Dog. Specimen Decalcified 
WITH Pyrolignic Acid. [Pub- 
lished IN 1873.] 

O, caijillary blood-vessel, containing a 
single row of red blood-corpuscles, the 
vessel pointed and solidified ; P, elongated 
medullary corpuscle, and B, boiie-corpns- 
cle, both si)rnng from the solidified blood- 
vessel. Magnified 800 diameters. 
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were visible, separated from each other by finely granular or 
homogeneous shining masses. 

The same condition was also observed in transverse sections. 
I found in the center of a system of lamella3 solid, finely granular 
corpuscles, which, in both an upward and downward direction, 
blended with the transverse cavities of bone or with the calibers 
of vessels. (See Fig. 94.) 

The conclusions I arrived at are as follows : The material 
contained in the vascular canals is, with advancing growth, 
transformed into bone, leaving only the blood-vessel behind. 



Fig. 94. — Transverse Section of the Injected Tibia of a Grown Dog. 
Chromic Acid Specimen. A Common System of Lamella Incloses 
Two Smaller Systems. [Published in 1873.] 


HV, the central vascular canal, with a capillary hlood-vessel ; RC, a central solid corpuscle 
spnuif? from a former hlood-vessel. Magnified 800 diameters. 

After a time, a transformation of the blood-vessels themselves to 
bone-tissue takes place by a solidification of the hollow proto- 
plasma of the wall of the vessels, and thereupon a differentia- 
tion into bone-corpuscles and bony basis-substanee. 

Development op Bone. 

It is a fact, well known for centuries, that the skeleton in the 
embryo is first formed of cartilage. The main question at all 
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times has been : How does bone arise from cartilage ? A satis- 
factory answer to this question was impossible so long as the 
minute structure of cartilage was unknown, and, indeed, a full 
understanding of the process of ossification is of a very recent 
date. 

Through the researches of Rathke, Reichert, Kolliker, and 
others, we know that there are bones which do not develop from 
cartilage, but from fibrous connective tissue, formerly thought 
to be a “ blastema.” All bones of the skeleton arise from pre- 
existing cartilage, except the flat skull-bones — viz. : the squam- 
ous portion of the occipital and temporal bones, the parietal, 
frontal, and portions of the sphenoid bone, and the nasal, 
lachrymal, vomer, malar, palatine, and upper maxillary bones. 
The clavicle was in former times thought to be destitute of a 
cartilaginous basis, but recently it was found to be cartilaginous, 
at least at its extremities (M. Kassowitz), There is, however, a 
great similarity between the formation of the so-called “ carti- 
laginous” bones and that of bones termed “ covering.” In all 
cartilaginous bones the formation of bone proceeds simultane- 
ously both from the cartilage and from the perichondrium, the 
fibrous investing membrane. 

The ossification of cartilage was first studied. In former 
times it was believed that, by the deposition of lime-salts, the 
cartilage was directly transformed into bone — the cartilage 

cells” directly converted into “bone-cells.” Observers were 
much puzzled over the formation of the “ canaliculi,” and Kol- 
liker, in 1852, imagined that he had settled the matter by assum- 
ing that the cartilage-cells were transformed into bone-cells 
by a thickening of their walls, with a simultaneous formation of 
canaliculi, similar to the pore-canals of “wood-cells” of plants. 

A new era was inaugurated in 1858 by H. Muller, * who, after 
very careful researches, came to the conclusion that the cartilage 
first breaks down into medullary tissue, and from this tissue bone 
is developed. H. Mliller, however, admitted that a direct ossifi- 
cation of cartilage (metaplasia of authors) may also occur. 
Although he was ignorant of the fact that the whole medullary 
tissue giving rise to bone is an offspring of cartilage, the great 
merits of this accurate observer must always be recognized. 
To-day we Imow that a direct transformation of cartilaye or fibrous 

* “ Ueber die Eiitwicklung der Knochensubstaiiz, nebst Bemerkungen 
liber den Ban raehitiseher Kiiochen.” Zeitscbr. f. Wissenseb. Zoologie. 
Bd. ix. 
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tissue into bone neeer occurs ; that bettveen these two hinds of com- 
pleted tissues the intermediate medullary, or embryonal tissue, stage 
is invariably present. 

For the study of this highly interesting question the best subjects are the 
bones of human embryos, between the fourth and seventh months of intra- 
uterine life, or the correspondingly developed bones of newly born pups or kit- 
tens. These animals, at the time of birth, are, as I have already stated, 
advanced in development as far as human beings in the middle of intra- 
nterine life. Dogs and cats one year of age correspond in development of 
this tissue to human beings in the twentieth year of life, and dogs and eats 
ten to twelve years old are as far advanced in this regard as men of sixty 
years. 

The phases of development of bone can, of eoiirse, be studied with 
greater ease in dogs than in human beings, and a number of facts obtained 
from the bones of animals have not as yet been established by investiga- 
tion of human bones. All specimens must be preserved in, and partly or 
wholly decalcified by, a one-half per cent, solution of chromic acid; many 
of the blunders of former histologists, regarding development of bone, re- 
sulted from the examination of dry specimens. 


Development op Bone prom Cartilage. 

In sagittal (antero-posterior) sections of shaft-bones of a 
human embryo, about five months old, we see that both ends 
of the future bone are composed of hyaline cartilage, containing 
many medullary spaces. With low powers of the microscope 
we recognize that the cartilage corpuscles are closely packed 
together in the outermost portions of the rounded extremities ; 
next, the corpuscles are less crowded, but arranged, at regular 
intervals, in globular heaps, and gradually become arranged in 
rows, as the cartilaginous head slopes toward the middle portion, 
the future shaft. It is a mistake to suppose that these changes 
of shape and situation of the cartilage corpuscles are due to their 
own activity — that, as Virchow has expressed it, the corpuscles 
direct themselves into rows.’^ Before the third month of em- 
bryonal life we can easily ascertain the fact that, from the earli- 
est stages of formation of cartilage, the rows are present in the 
middle portion. It is impossible to understand how cartilage 
corpuscles, being imbedded in a dense and tough basis-substance, 
could perform active locomotions without the basis-substance 
having been previously liquefied. 

(a) Calcification. At a certain point, nearer the middle, in 
the younger embryo, the basis-substance is found to be the seat 
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of a calcareous deposition. This occurs first in the middle of 
the shaft, and gradually proceeds toward both extremities, vary- 
ing considerably, both in time and extent, in different human 


embryos and in different ani- 
mal embryos. In specimens 
decalcified by chromic acid, 
the basis-substance, which 
was the seat of a deposition 
of lime-salts, readily takes 
up the carmine stain. (See 
Fig. 95.) 

The calcareous deposition 
occurs only in the broad 
masses of basis-substance be- 
tween the territories of the 
cartilage corpuscles, in con- 
sequence of which an elon- 
gated reticular fi'ame is visi- 
ble, which at fii’st surrounds 
the territories of the cartilage 
corpuscles, and deeper below, 
in a nearly level line, it sur- 
rounds the spaces filled with 
medullary corpuscles. The 
calcification is sharply de- 
fined by pointed ends toward 
the unchanged cartilaginous 
portion. In the deeper por- 
tions of the calcified frame 
the first traces of newly 
formed bone-tissue are no- 
ticeable in the shape of 
bright crescentic fields, at- 
tached by their convex sur- 
faces to the (Calcified frame. 
This investment of bone soon 
produces a continuous layer 
around the frame at its bor- 
ders toward the medullary 
spaces. 

In the cartilaginous heads 
of shaft-bones of human emi 



Fig. 95. — Humerus op a Human Em- 
bryo, Five Months Old. Sagittal 
Section. Chromic Acid Specimen. 


C, rows of cartilage cori>uscles in elongated 
groups, due to tlieir territories ; IP, frame of caloi- 
tied basis-snbstance, around wliicli, in tire lower 
l)ortious, tlie first traces of bone-tissue are no- 
ticeable ; M, medullary space, containing medul- 
lary corpuscles. Magnified 300 diameters. 

ryos, at a somewhat later period, a 
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deposition of lime-salts starts from the center of each head, inde- 
pendently of the calcified shaft. The frame of calcified hasis- 
snhstance in this situation is of a roundish form, agreeing with 
the general shape of the cartilaginous head. In some cartilagi- 



nous heads of long bones, the calcification occims at a very early 
period, f. i., in the vertebral ends of ribs ; while in short bones 
the calcification, always starting from the center of the pre- 
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Fig. 97 . — Vertebral Extremity of the Eib of a Human Embryo, Ten 
Weeks Old. Horizontal Section. Chromic Acid Specimen. 

II, liy.nliiie cartilage, witli mo.stly multiple lormations of corpuscles in tlie territories ; 
C, calcified frame of basis-substance; P, cartilage corpuscles vvitli jagged offslioots, enlarged 
i)y liquefaction of tlie basis-substance. Magnified 500 diameters. 


formed cartilage, is of a later date ; f. i., in the vertebrae. (See 
Fig. 96.) 

In new-born pnps, kittens, and rabbits these features are 
very similar, though sometimes the calcification preceding the 
ossification is wanting, even in shaft-bones (see, f. i.. Fig. 98). 
It is wanting, as a rule, at the cartilaginous border of the plate 
of the scapula. 


We know that the calcification of cartilag'e is the first step in 
the development of bone, and as this process takes place inde- 
pendently in three portions of the shaft-bones, three nuclei of 
16 
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bony tissue are formed — one in eacb epiphysis and one in the 
diaphysis. The outer portion of the epiphyseal cartilage is the 
articular cartilage proper; the cartilaginous portion between 
the epiphysis and the diaphysis is termed the diaphyseal or 
intermediate cartilage, which in human beings eompletel}^ disap- 
pears about the twentieth year of life. 

(I) J Foy'rnation of Medullary Tissue. The cartilage corpuscles 
close above the place of calcification always have a coarse gran- 
ular appearance, and are without a distinct nucleus. We under- 
stand from this that the bioplasson of the corpuscle has increased 
in amount, and thus begins a retrogression toward the juvenile 
condition. In the spaces surrounded by calcified basis-substance 
the cartilage corpuscles assume a very coarse granulation ; many 
of them are nearly homogeneous, have a bright and vacnoled 
appearance, and are furthermore marked by radiating offshoots. 
(See Fig. 97.) 

At the same time the cartilage corpuscles increase in bulk, 
also, by the addition of living matter, which, after the liquefac- 
tion of the basis-substance, simply re-appears from where it before 
was concealed. This re-appearance of living matter is indicated 
first by a Somewhat coarser granulation of the basis-substance, 
and subsequently by the formation of new lines of demarkation, 
corresponding to the liquefied portion of the basis-substance. 
Even with moderate powers of the microscope all stages of the 
re-appearance of bioplasson are traceable, from a distinct granu- 
lation of the basis-substance up to the formation of fields exhib- 
iting the features which in former times were termed “ pale 
protoplasm.” Such fields either surround the original cartilage 
corpuscle, or are joined to a part of the corpuscle. If the razor 
has struck the peripheral portions in a space surrounded by the 
calcified frame, only pale granular bioplasson is visible, and 
there will be seen basis-substance alone if the section reached 
the outermost portion. 

The next stage is the splitting of the bioplasson masses into 
numerous smaller indifferent — i. e., embryonal or medullary — 
corpuscles, each of which assumes a coarse granulation. It is 
obvious that at first only those embryonal corpuscles will appear 
which once themselves took part in the formation of the terri- 
tory. By an increase of the bulk of their bioplasson these cor- 
puscles become nucleated, and at first are finely, and later 
coarsely, granular. Small lumps of bioplasson may also show 
themselves, of a homogeneous appearance, a high degree of luster. 
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and a distinct yellow color. This indicates a new formation of 
living matter. In 1872, I named these solid lumps “hasmato- 
l)lastic ” (see page 98), as I had observed the new formation of 
red blood-corpuscles arising from them. In 1873, I proved this 
condition to be the juvenile state of living matter in general 
(see page 51). 

H. Muller asserted that many of the medullary corpuscles are 
the productions of the original cartilage corpuscles, and in this 
lie was quite correct. But later observers, their number unfort- 
unately being great, have disposed of the cartilage corpuscles by 
saying that they fade and perish, and that all medullary cor- 
puscles are “leukocytes” — colorless blood-corpuscles, which have 
niigrated from the blood-vessels of the medullary spaces, or of the 
perichondrium, through the cartilage and into the medullary 
spaces. There is no ground whatever for such assertions. To 
assume that leukocytes migrate through newly formed blood- 
vessels, which are not yet in connection even with the old vascu- 
lar system, sounds whimsical enough. Further to insist, however, 
that leukocytes creep through the dense and unyielding basis- 
substance (for, at that time, nothing was known of “juiee- 
eanals”), is simply an absurdity. These hypotheses fall to the 
ground when we know that the basis- sub stance contains a large 
amount of living matter ; that a liquefaction only of this basis- 
substance is required to free the bioplasson, from which, by its 
rapid growth and by the splitting of its lumps, new medullary 
corpuscles arise. The process, in short, is : re-appearance., division, 
and new formation of hioplasson. 

That really the whole medullary tissue, filling the space 
inclosed by a calcified frame, is a production of both the car- 
tilage corpuscles and the living matter in the surrounding 
basis- substance, is best illustrated by specimens where, with- 
out a preliminary deposition of lime-salts, the territories of 
cartilage tissue are immediately followed by medullary spaces. 
(See Fig. 98.) 

Here we see, in certain territories of the cartilage, masses of 
medullary corpuscles in no way connected with the medullary 
spaces below. The spaces are exactly in a line with the terri- 
tories directly above, and are filled with bioplasson lumps in all 
stages of development. (See page 46.) The centers of the masses 
exhibit a new formation, also, of red blood-corpuscles and blood- 
vessels. 

(cj Formation of Fed Blood-corpuscles and Blood-vessels. 
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Having ascertained tlie fact that red hlood-eorpnscles originate 
in places where a transformation of cartilage into hone takes 
place, I studied the development of blood-vessels in the same 



Fig. 98.— Femge op a Newly Born Pup. Transition op the Epiphysis 

INTO the DiAPHYSIS. No CALCIFICATION OP THE BaSIS-SUBSTANCE. 

Sagittal Section. Chromic Acid Specimen. 

C, licaiJH of cartilaj^e corpuscles ; IT, newly formed medullary corpu.scles in a territory ; 
M, Lotli cai tilage corpuscles and Lasis-.substance changed into medullar 3 ' tissue, With trace.s 
of newl.v formed blood-vessels. Magnified 500 diameters. 


situation. My subjects for investigation were condyles of the 
femur of pups and rabbits and the cartilaginons border of the 
plate of the scapula of kittens.* 


* Translated from “ Ueber die Eiick- niid Neubildung von Bhitgefassen 
im Knoehennnd Knorpel.” Wiener Mediz. Jahrb., 1873. 
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The hyaline epiphyseal cartilage of young animals, as is well 
known, is traversed by elongated medullary spaces, which contain, 
besides blood-vessels, including arteries, a large number of ele- 
ments similar to those tilling the medullary spaces of the bone. 
Such spaces also pervade the hyaline cartilage at the border of 
the plate of the scapula. 



Fig. 99. — From the Calcified Nucleus of the Condyle of Femur of 
A Dog, Six Weeks Old. Fresh Specimen. [Published in 1873 .] 

C, coarsely granular cartilage corpuscles with offshoots ; JT, hajuiatohlasts, iu a cluh-like 
space, which is iuclosed by delicate spiudles and terminates in a solid point, P; L, calcified 
hasis-substance. Magnified 800 diameters. 


In the epiphyseal cartilage of the knee-joint of a newly born 
rabbit’s femur, I found a radiating frame-work of calcified basis- 
substance, which, bordering a larger central medullary space, 
inclosed in its trabeculse a number of cartilage corpuscles and 
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their non-calcifLed 'basis-substance. In the corresponding epi- 
physeal cartilage of a pup of five days there was no deposition of 
lime-salts present ; while the same cartilage of a pup six weeks 
old contained a central semi-lunar calcareous nucleus, with its 
concavity directed toward the diaphysis, the trabeculae of which 
inclosed a number of medullary spaces. The significance of this 

calcareous deposition was 
already known to Heinr. 
Muller. 

Within the calcified 
portions of the cartilage 
metamorphoses occur in 
the medullary spaces, 
which, with a simulta- 
neous solution of the 
calcareous frame, lead 
to the transformation of 
the cartilage corpuscles 
into blood-corpuscles and 
blood-vessels, as well as 
into meduUary elements. 
(See Fig. 99.) 

The process is the same 
in advancing development 
of bone-tissue at the bor- 
ders of the diaphyseal or 
intermediate cartilage, at 
the border between the 
epiphysis and the articular 
cartilage, and at the bor- 
der between the cartilagi- 
nous and the bony plate of 
the scapula. The central 
yellow and shining portion 
of the Carthage corpuscle 
is transformed into a vesi- 
cle, usually club-shaped, 
containing red blood-cor- 
puscles. The swelled blunt 
extremity of the elub is directed toward the periphery, while 
the more solid pointed end lies toward the larger central medul- 



Fig. too. — From the Cartilaginous Bor- 
der OF THE Scapula of a Kitten. 
Fresh Specimen. [Published in 1873.] 

C, yellow, Lriglit, vacuoled cartilage corpuscles ; 
B, closed cartilage cavity, containing red blood-coi- 
puscles ; M, club-sliaped spaces, holding rod blood- 
corpuscles and haematoblasts. Magnified 800 diams. 
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lary spaces. I also occasionally met with clnh-shaped formations, 
holding a light, finely granular, or an apparently structureless 
mass. (See Fig. 100.) 

If several of these cluh-like formations, whether empty or 
holding red hlood-corpuscles, were crowded together, they 
assumed the appearance of a cauliflower-like rosette, the same 
as after perforation of the calcareous wall between two neigh- 
boring cartilage cavities, when the spindle- or club-shaped forma- 
tions come next to each other. The solid points or the walls of 
older formations of this kind became, after a time, hollowed out, 
and thus a varicose reticulum of blood-vessels arose which, from 
the very earliest period of their formation, contained red blood- 
corpuscles. Still later, the newly formed vessels may connect 
with older blood-vessels, and their contents be taken into the 
circulation. 

fdj Formation of Bom from 2[edulla.* In newly born pups, 
the formation of bone-tissue takes place within the medullary 
tissue from the medullary elements. The bone-tissue appears in 
the form of trabeculae, which occupy the middle, between two 
blood-vessels or groups of vessels (see Fig. 86). The basis-sub- 
stance of the trabecnlge is finely striated, and here and there is 
also indistinctly lameHated. 

The transition of medullary into bone-tissue is demonstrated 
by the following forms : 

In larger medullary spaces, between two blood-vessels, in the 
longitudinal section of the -bone, we often meet with groups and 
tracts of spindle-shaped medullary elements. These are either 
homogeneous, bright, of a yellowish color, or granular, and sup- 
plied with vesicular nuclei, or they may be without nuclei. They 
are all separated from their neighbors by narrow rims. In 
transverse sections these tracts appear as roundish or oblong 
fields, composed partly of shining and partly of pale granular 
lumps, which are the cross sections of the spindles. We also 
encounter similar groups at the borders of already developed 
bony trabeculae, and their general shape always corresponds to 
an elongated spindle or a rhomb. 

From these groups the trabeculae arise, by means of a deposi- 
tion of lime-salts at regular intervals in one portion of the 

* Translated from “ Untersuchungen liber das Protoplasma. IV. Die 
Entwickelung der Beinhaut, des Knochens,” etc. Sitzungsber. d. Wiener 
Akad. d. Wissenscb., 1873. 
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medullary corpuscles, while another portion remains nn changed 
and represents the hone-corpuscles. In accordance with the 
spindle shape of all medullary elements constituting a tract, the 
hasis-suhstanee assumes a striated appearance. 

In growing animals, we often see rows t)f medullary corpuscles 
at the borders of bone-tissue toward the medullary space, which 
have been termed the osteoblasts ’’ by Gegenbaur. * That the 
elements of these rows really produce the bone was acknowledged 



Fig. 101. — Cortical Substance op the Tibia op a Dog, Six Months 
Old. Transverse Section. Chromic Acid Specimen. 


M, medullaiy spacefilled with medullary elejueuts, which at the herder of the hoiic-tissiie 
have assumed the shape of “ osteoblasts.” The center of the medullary si>ace is occupied bj- 
a blood-vessel. S, first trace of the fonnatiou of a Haversian system, composed of lenticuiar 
territoi'ies, which give to the circumference of the system a fluted ai)pearance. T, globular 
territories, evidently the starting formations of new systems of lamella}. Magnified 600 
diameters. 

also by later observers, as Waldeyerf and A. E,ollett.| A row of 
osteoblasts is evidently the basis of a future lamella of bone. 

Before the infiltration with lime-salts takes place, a number 
of the osteoblasts are transformed into finely granular bodies, 

* Jenaisehe Zeitsehr. f. Mediz. ii. Naturwissensch. 1804 and I860. 
t^'Ueber den Ossificationsprocess.” Areliiv f. Mikroskojiisclie Anatomie. 
Bd. i. 1865. 

X “ Handb. d. Lehre von den Geweben.” Herausg. v. S. Strieker. 
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destitute of nuclei, tlie connection of which, with each other and 
with neighboring formations of the same nature is established 
by the delicate spokes which traverse the intervening light rims. 
After the infiltration with lime-salts is accomplished, an optical 
differentiation of the lamella into single “ osteoblasts ’’ is pos- 
sible in exceptional instances, when the lamella has the appear- 
ance of being composed of polygonal fields. More frequently 
the optical boundaries of the single osteoblasts fade, and only 
central portions of the lamella remain intact in the form of 
bone-corpuscles. In this case, therefore, a number of proto- 
plasmic bodies have coalesced into a slightly curved lenticular 
formation, a tissue-unit, the center of which is the bone-cell. 



Fig. 102 .— Vertebra of a Human Embryo, Five Months Old. 
Horizontal Section. Chromic Acid Specimen. ■ 

M, iiieilnnaiy space, -with central blooiLvessels anil niednllary tissue ; .B, fli-stlormed 
globular teiritories, containing one or two central bojie-coi'xmscles, with radiating offshoots. 
Tlie territoiies lie against the tiabecula of the original calcified basis-substance of the 
cartilage, Magnified 500 diameters. 

A number of such lenticular territories constitutes a single 
lamella of bone-tissue. 

In the compact and the so-called intermediate substance of 


250 


CONNECTIVE TISSUE. 


shaft-bones of growing and adult animals, we encounter numer- 
ous circular fields, containing one or more bone-corpuscles. We 
also find within the medullary spaces globular bodies, containing 
several nuclei, or only a number of nucleoli, sometimes exhibit- 
ing a uniform coarse granulation, due to the large points of 
intersection of the living matter. These masses, termed “myelo- 
plaxes” by their discoverer, Ch. Robin, are likewise the predeces- 
sors of bone formation, as I demonstrated in 1872.* Here a 
portion of the protoplasma is transformed into basis-substance, 
which at once becomes calcified, while the central portion is not 
changed into basis-substance, and remains as the bone-corpuscle 
or the bone-cell. (See Fig. 101.) 

We often find lenticular, multinuclear masses in the shaft- 
bones of growing animals, not only in the epiphysis at the 
borders of medullary spaces, but also in the vascular canals of 
the diaphysis. Such masses are separated from their neighbors 
by light rims, but also connected with them by delicate spokes 
of living matter. These are the first traces of a third kind of 
tissue-units of the bone, the 1)one-glolniles, which are known by 
Virchow to be the cell-territories proper. Each of these origi- 
nates from a multinuclear mass, and each contains one or more 
bone -corpuscles. 

Formations of this globular variety are met with also in the 
calcareous nucleus of the epiphyseal cartilage, at the ossifying 
border of the diaphyseal or intermediate cartilage, “ and in the 
centers of calcification of short bones.” [The last words are 
newly added.] (See Fig. 102.) 

The multinuclear bodies, which have sprung from meduUary 
elements, are, therefore, the regular bone-formers, appearing 
first around the trabeculae of the calcified basis-substance of 
cartilage, and later independently of other formations. It 
depends entirely on the original shape of the medullary lumps, 
whether the bone-tissue assumes a striated, lamellated, or globular 
structure. 

Bone, therefore, as well as all other varieties of connective 
tissue, is a product of the medullary or embryonal tissue, the 
elements of which either split into delicate spindles, resulting in 
the formation of a striated basis-substance, or coalesce into len- 
ticular masses, a number of which unite in the construction of 
a lamella, or else coalesce into globular masses, from which arise 
the globular territorial formations of the bone-tissue. 

" “Studien amKnoehen u. Knorpel.” Mediz. Jahrb., 1872. 


CONNECTIVE TISSUE. 


251 


The Process op Ossification in Birds. By L. Schoney.* 

My observations were made on a number of cMekens and pigeons of 
different ages, the cartilages of the knee-joint, preserved and decalcified in 
chromic acid, being my subjects of study. Sagittal sections through the knee- 
joint of birds demonstrate that the bulk of the hyaline cartilage decreases 
with age, and that a transformation of cartilage directly into medullary ele- 
ments and indirectly into bone takes place only in young animals. In older 
ones completed bone-tissue bounds the cartilage, and in old pigeons the 
medullary spaces of the bone produce elongations which at a certain height 
penetrate the cartilage. 

In sagittal sections of young animals, we see with low powers of the 
microscope the following: At the articular surface, and near the perichon- 
di'ium, elongated, spindle-shaped cartilage corpuscles are found, which gradu- 
ally change into globular, nucleated corpuscles. The latter are met with 
in the middle portion of the cartilage, which is pervaded by medullary spaces, 
containing blood-vessels. The layer of the globular, nucleated corpuscles is 
followed by a narrow layer, in which there are small, fiat cartilage corpuscles 
of a yellow-red color, bounding the district of calcification. The calcified 
basis-substance produces a pretty frame-work, which blends with the first- 
formed trabeculie of bone-tissue, surrounding the medullary spaces of the 
epiphysis. 

With higher powers, we ascertain that the calcareous frame penetrates the 
basis-substance of the unchanged cartilage by means of pointed ends. Within 
the frame the cartilage corpuscles are distinctly recognizable. In many places 
the trabecula} of bone are directly attached to the calcareous frame, the 
feature distingrdshing these formations being the bone-corpuscles of the tra- 
becula. The medullary spaces are filled with globular, oblong, or spindle- 
shaped medullary elements ; besides these we often encounter protoplasmic 
masses of varying size, either multinuclear or destitute of nuclei, but tmi- 
formly granulated. Spindle-shaped elements are most prevalent in the center 
of the medullary space, where the spindles are in connection with blood- 
vessels. (See Big. 103.) 

The formation of medullary spaces is best studied in horizontal sections. 
First we recognize that at certain intervals a dissolution of the calcified basis- 
substance of cartilage takes place. It is true that the direct transformation 
of the cartilage into free protoplasma, with the formation of bright lumps, 
filling the medullary spaces, cannot be directly observed, but we may readily 
deduce such a transformation, as all medullary S 2 iaces in the neighborhood 
are inclosed by a calcified cartilage tissue, and the calcareous frame projects 
into the medullary space, as if broken. 

The transition of cartilage into medullary elements is initiated by the 
deprivation of a cartilage tissue unit or territory of its lime-salts. Adjoining 
the zone of decalcified cartilage there is found a layer of protoplasma con- 
sisting of numerous glistening lumps. These lumps are surrounded by a 
light narrow rim, which is seen occasionally to be traversed by filaments. 
The lumps bear a close resemblance to like formations in mammals, 
which have been described under the name of ‘‘Inematoblasts.” The char- 

* Extracted from the essay of Dr. E. Schdnoy, in New Y'ork. “ Ueber den Ossiflcations- 
lU'ocess beiVogeln.” Arclilv' f. Mikroskoi). AnaComie,” Rd. xii., 1875. Fertile second part 
of this publication, see page 103. 
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acter of many places, one of wliicli I have illustrated, forces us to the conclu- 
sion that not only the cartilage corpuscles, hut the whole mass of living 
matter stored up in the hasis-suhstance of the cartilage, participates in the 
formation of medulla. No other interpretation is admissible, for a sudden 
transition of an apparently structureless basis-substance into a protoplasmic 



Fig. 103. — Articular Cartilage op a Young Chicken. Sagittal 
Section. Chromic Acid Specimen. 

C, liyaline cartilage ; CS, calcifled Lasis-suLstauce of Iiyaline cartilage ; M, medullarj' 
space ; S, tral)ccula3 of newly formed Lone. Magulfled 450 dlametei s. 

mass takes place without a trace of an intervening division of the cartilage 
corpuscles. (See Fig. 104.) 

At the border where the cartilaginous basis-substance is dissolved, we not 
infrequently meet with cartilage corpuscles, partly imbedded in the basis- 
substance, partly freely projecting into the previously formed medullary 
space, but I never saw marks of division of such corpuscles. Instead of 
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assuming, as is generally clone, that a division of cartilage corpuscles takes 
place, it would be better to hold that, in the protoplasma set free by liquefac- 
tion of the basis-substance, there is at certain intervals a new formation of 
living matter, which results in the formation of the compact, glistening lumps. 
The multinuclear protoplasmic bodies, the “ myelopaxes,” according to this 
view, are simply freed territories of the cartilage tissue, and we can easily 
understand that occasionally a number of such territories coalesce into a 
common layer, before a further differentiation occurs. 

Unquestionably, the cartilage tissue is directly transformed into medullary 
tissue. The question how bone-tissue arises from medullary tissue is answered 
by the careful study of places where newly formed bone is closely attached to 
calcified cartilage. Here we notice a regular layer of finely granular osteoblasts 



Fig. 104. — Knee-joint Cartilage op a Young Chicken, Close to the 
Border op Ossification. Horizontal Section. Chromic Acid Speci- 
men. 

C, CEilcifled frame of Lasis-snljstance of liyaliue cai'tilago ; JT, zone from wliich the lime-salts 
hiivo been dissolved ; M, newly formed medullary space. Magnified 700 diameters. 

between the decalcified basis-substance of cartilage and the newly formed 
bone. We can also trace every transition of free, uninfiltrated osteoblasts 
from the first steps till they finally fade in the basis-substance. The delicate 
granulation of the new osteogeneous basis-substance indicates that in the 
formation of bone the structure of the osteoblasts has not been completely 
lost. 

The bone of birds is essentially constructed like that of mammals. We 
find systems of lamellse around vascular canals ; we also find in the cavities 
of the basis-substance the bone-corpuscles, with their characteristic stellate 
offshoots. How far the presence of living matter within the basis-substance 
of the bones of birds corresponds with that of the mammal, further researches 
must reveal. 
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Development of Bone from Fibrous Connective Tissue. 

A great part of the skeleton grows from fibrous connective 
tissue, independently of preformed cartilage. The strict distinc- 
tion which in former times was made between “cartilaginous” 
and “covering” bones (see page 237) can be upheld only to a 
certain extent. It is trjae that in the production of covering 
bones no preformed cartilage participates, yet all the other 
bones of the skeleton, including the flat, the short, and the shaft 
bones, obtain only a part — viz., their cancellous portion, from 
preformed cartilage. Their cortical or compact portion is formed 
entirely from periosteum. Many observers have noticed, in dif- 
ferent places beneath the periosteum, cartilaginous layers ; but 
no importance need be attached to the presence of such a layer, 
as the formation of bone-tissue is materially similar, whether it 
is developed from cartilage or from fibrous connective tissue. 

In the shaft-bones of human embryos ten to twelve weeks old, 
when no trace of calcification is yet noticeable, the cartilage is 
found to be surrounded by a delicate fibrous investment, — the 
perichondrium, — between which and the surface of the cartilage 
there is a broad layer of medullary tissue. From the latter 
tissue arises the future cortex, simultaneously with the calcifica- 
tion and ossification of the cartilage in the center. At the four- 
teenth week there is already a distinct cortex around the 
diaphysis, at the same time when the transformation of the 
cartilage into medidla and cancellous bone has also commenced 
in the central portion of the diaphysis. The cortex and the 
calcified cartilage occupy about the same height, the middle por- 
tion always being the starting-point for their formation. Both 
portions, however, at first exhibit the cancellous structure, while 
the formation of regular lamellae begins to appear much later. 

The first-formed cancellous bone of the cortex has a striated 
structure agreeing with the spindle-shaped territories of the 
mother-tissue — the periosteum. The first-formed cancellous 
bone of the center, on the contrary, is composed of globular ter- 
ritories corresponding to the globular territories of the mother- 
tissue — the cartilage. It is only on this ground that we are able 
to understand the difference in the structure, of the earliest- 
formed bones, the formation of “perforating fibers,” and the 
vascular system of the cortex. The law, however, according to 
which the peripheral lamellai and the Haversian lamellae are 
formed is not known. Probably there are three main layers in 
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the original periosteum, the fibers and blood-vessels of which 
stand at right angles to each other. 

The formation of bone from fibrous connective tissue is best 
studied in the skull of the human embryo, at about the fourth 
month of development. (See Fig. 105.) 



Fig. 105. — Skull of a Human Embryo, Four Months Old. 
Horizontal Section. Chromic Acid Specimen. 


M, musclo-layer ol tlio sc.alp ; S3f, suLmuscular loose, freely vascularized connective ti.s- 
sue; P, dense connective tissue ol extei'iial pericranium; P, lir-st-formed trabeculae of bone; 
O, layer of osteoblasts, attached to the trabeculie ; DM, dense connective tissue of internal 
pericranium — the future dura mater. Magnilied 100 diameters. 
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We observe in tbe middle of a layer of fibrous connective 
tissue medullary corpuscles in longitudinal tracts (if cut trans- 
versely) ; we see that a number of such corpuscles coalesce in 
order to be transformed into basis-substance, which almost 
instantaneously becomes infiltrated with lime-salts. In this way 



Fig. 100. — Skull op Human Embryo, Four Months Old. 
Horizontal Section. Chromic Acid Specimen. 

F. fiLrous coiinectivo tissue of the pericranium ; M, meiiullary space', rvith central 
blood-vessel ; Ji, first-formed trabecula of bone : O, vow of osteoblasts ; O, medullary cor- 
puscles of the inner pericranium, Infiltrated with lime-salts. Magnified 500 iliameters. 

trabeculae of bone, with large and irregular bone-corpuscles, are 
formed between two layers of fibrous connective tissue, the 
outer of which is the future external, the inner the future inter- 
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nal, pericranium. Five or six years after birtli, the latter separates 
from the skull-hone and furnishes the dense investment of the 
brain, the dura mater. The first trace of a bony formation is 
invariably found in the middle field between two blood-vessels, 
in those localities, therefore, where there is the least nutrition, in 
the same manner in which the bony formation arises from carti- 
lage. The further growth of the trabeculae always proceeds from 
the medullary tissue, particularly from the medullary corpuscles, 
usually of only one side, lying close to the border of the tra- 
becula. This process is identical with that of the growth of 
trabeeidae which have arisen from original cartilage. 

For studying the details of the formation of bone from fibrous 
connective tissue, with high amplifications of the microscope, the 
best subject also is the skull of a human embryo. (See Fig. 
106.) 

We observe at first that, from single meduUary corpuscles, 
often grouped together, basis-substance originates, which is at 
once infiltrated with lime-salts. The embryonal condition is next 
reestablished in these corpuscles by liquefaction of the basis- 
substance, and they are again plastids, which may afterward 
coalesce to form a larger mass, the first indication of a territory, 
exhibiting a central bone-corpuscle. Still later, a number of 
such masses, always through the intervening condition of uncal- 
cified medullary tissue, coalesce, and a trabecula arises, with a 
number of large and irregular bone-corpuscles, with their stellate 
offshoots. It makes no difference whether a blood-vessel is pres- 
ent from the beginning of the process, or whether it is formed 
afterward f it will always occupy the center of a meduUary 
space. Upon close observation of the distances between the 
single bone-corpuscles, we are satisfied that at first from only a 
single corpuscle, and later from a limited number of meduUary 
corpuscles, calcified basis- substance arises in the same manner, 
therefore, in which the myxomatous basis-substance is formed 
(see page 148). At first, no distinct territories are present 5 these 
are only recognized later, when the lameUated structure begins 
to appear. 

Obviously, the originaUy formed bone-tissue is not perma- 
nent. The bony trabeculae in turn are repeatedly reduced by 
liquefaction of their basis-substance to the embryonal or medul- 
lary condition, and new bone-tissue continues to form up to the 
time of full development of the body. A continuous absorption 
and reformation of bone is probably going on throughout life. 

17 
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ThiSj to some extent, is influenced by certain conditions — for 
example, on the skull-bones by the growth of the brain, both in 
a progressive and regressive way (Virchow). The regression is 
shown by the absorption in advancing age, producing the thin- 
ning of the bones so characteristic of the senile skeleton. 


The Growth and Retrogression of Bone. 

In the light of my researches, continued for ten years, the 
theory of an interstitial growth of the bone is no more tenable 
than is the interstitial growth of any other tissue. Basis-sub- 
stance, once formed, cannot increase in bulk by simple expansion. 
The observation that the bone-corpuscles in the old are farther 
separated than in the young is no proof of an interstitial growth, 
since Steudener has demonstrated (see page 220) that the periph- 
eral portion of each bone-corpuscle in advancing age is trans- 
formed into basis-substance. New fis.me forms exclusively from 
embryonal or medullary tissue, and an already formed tissue must 
return to its embryonal condition, by liqiiefaction of the basis- 
substance, before a new tissue can arise. An augmentation of the 
bulh of a tissue can take place only by new formation of the 
living matter of the embryonal corimscles, that is, an increase of 
the number of the embryonal corpuscles. 

This law was first, though incompletely, established by H. 
Miiller, in 1858 ; it was asserted as to the growth of bone-tissue 
by L. Ranvier in 1865, and announced to be a universal law for 
all tissues by myself in 1873. The process of inflammation, first 
accurately studied by S. Strieker, also illustrates the law. In- 
flamed tissue, according to S. Strieker, returns first to its embry- 
onal condition before new formation arises. 

We are indebted to A. KoUiker’s accurate researches* for the 
discovery that every growing bone on its surfaces exhibits regu- 
larly recurring “ planes of resorption ” (Resorptions-fliichen). The 
bone to the naked eye looks rough, as if corroded ; under the 
microscope the bone-tissue proves to be spongy, provided with 
bay-like erosions or excavations, which, as a rule, contain multi- 
nuclear bioplasson masses. Kolliker maintains that these bodies 
are growing into the bone-tissue from without, and that they 
actually absorb and destroy the bone structure. For this reason 

* ‘‘Die Normale Resorption des Knoehengewebes n. ibre Bedeutung fiir 
die Entstehung der Typisehen Knoehenformen.” Leipzig, 1873. 
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he proposed for their designation the rather alarming name of 
bone-hreakers — “ osteoklasts.” 

The multinuclear bioplasson bodies were first described by 
Robin under the title of “ myeloplaxes.” Virchow termed the 
same formations “giant-cells’’; English authors, “myeloid 
cells.” They are, as I demonstrated in 1873 (see chapter on 
inflammation), the bioplasson formations of the bone-tissue itself , 
the territories of the basis-substance of bone, either after decalci- 
fieation and liquefaction of the basis-substance, or before the 
formation of a territory of bone. (See Fig. 107.) 



Fig. 107 .— -Surface of the Scapula of a Kitten. 

Chromic Acid Specimen. , 

C, lamellateil bone, witli bone-coi'pnscles ; G, a single territory of bone-tissne liauefled, 
I’esnlting in tlie formation of a multinuclear plastid ; M, coalesced masses of multinucleai- 
Plastids. Magnified 600 diameters. 

We see these bodies, not only in medullary spaces of all 
juvenile bones, but also in the planes of absorption at the surface 
of growing bones, beneath the periosteum, and in inflamed bone. 
They certainly are not extraneous, but the medullary corpuscles 
themselves, coalesced into larger layers for the production of 
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territories in forming "bone. An already formed bone, being 
deprived of its basis- substance either by advancing growth or by 
the inflammatory process, at once falls back into the bioplasson 
stage, and exhibits first bioplasson territories, which later again 
divide into mednllary corpuscles. All territories and all medul- 



lary plastids remain interconnected by m-eans of delicate filaments^ 
which traverse the surrounding light rims, and such a connection 
is also established with the adjacent reticulum of bioplasson of 
unchanged bony basis-substance. In these masses we usually 
observe all stages of development of bioplasson, from the solid 
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homogeneous lump into a nucleated plastid, and from this into 
plastids with nucleoli only, and finally into granular plastids, 
destitute of nuclei and nucleoli. (See page 55.) 

The interpretation here given does not, however, explain the 
appearance of such bioplasson bodies in dead bone. Ivory sticks, 
driven into living bone for surgical or experimental purposes 
(Billroth), and necrotic bone likewise, exhibit bay-like excava- 
tions at their surfaces, filled with multinuclear bioplasson masses. 
Obviously, these masses could not have originated from the dead 
ivory and the necrotic bone. Their bay-like excavations are ex- 
plicable, as Virchow has already shown at length, by assuming- 
in them a decalcification and liquefaction of the basis-substance, 
corresponding with the territories ; and, since Ziegler has demon- 
strated that even between two thin glass plates, placed into the 
subcutaneous tissue of animals, migrating plastids accumulate 
and coalesce into multinuclear masses, a similar process may be 
admitted for the filling of these bay-like excavations. 

That the multinuclear bodies really arise from the bquefied 
living bone-tissue itself I have ascertained in provisional teeth, 
the erosions of which were studied, in the last few years, in my 
laboratory, by Dr. Frank Abbott; and there can be no doubt 
that they are a gro-^th of medullary corpuscles from without, 
whenever the bone is deprived of its life. 

Cartilage with advancing age gradually decreases in amount ; 
in the aged we find only a thin layer of articular cartilage. In 
old dogs, the thin layer of the articular cartilage, toward the 
marrow spaces, is bordered by a well-marked lamellated zone 
of bone. (See Fig. 108.) 

That the bone-tissue itself does decrease in bulk with advanc- 
ing age is best illustrated by the toothless jaws of the aged. 
The cause of this absorption and atrophy of the bone-tissue, 
invading both the cancellous and compact structure, has not yet 
been elucidated. 


VIII. 

MUSCLE-TISSUE. 


M uscle, the motor apparatus proper, is a formation of 
living matter in a reticular arrangement. The points of 
intersection in smooth muscle are irregularly scattered ; in 
striated muscle, they are arranged with great regularity in the 
so-called sarcous elements. The connecting filaments are ex- 
tremely delicate, allowing slow hut, considering the bulky forma- 
tions of muscle, powerful contractions of the living matter. 

Muscle is constructed on the plan of an amoeba, or that of 
any other plastid. The difference is that the points of inter- 
section of the living matter in the amoeba are small and irregu- 
larly distributed, while in muscle the nodules of the reticulum 
are large and more or less regular in their arrangement. The 
fluid contained in the meshes of the reticulum in the amoeba 
corresponds to the muscle fluid between the rows of sarcous ele- 
ments. Contractility is inherent in the amoeba and every plas- 
tid; therefore, also in muscle, independently of nervous influence. 
The independent contractility of muscle was proved by J. Miiller, 
in 1834, after division of the nerves, and by Claude Bernard, in 
1857, after abolishing the action of the motor nerves by curara. 
The enlargement of the nodules of living matter, the shortening 
of the connecting filaments, and the narrowing of the mesh- 
spaces produces the contraction in the amoeba, as well as in the 
muscle (see page 29). The difference is that, while in the amoeba 
one portion of the body is in contraction, the other, on the con- 
trary, in extension : in all highly developed animals one muscle, 
or a group of muscles, is in the state of contraction, while 
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another muscle, or a group of muscles, is in that of extension. 
Muscles which simultaneously work in such an opposite manner 
are termed antagonists.’’ 

Muscle formations are of two varieties. In the tissue of 
the unstri 2 )ed, smooth., or imolimtary muscle the hioplasson is 
stored up, without much regularity, in comparatively small spin- 
dles. In the tissue of the striped or voluntarij muscle the hioplas- 
son is distributed regularly in the shape of sarcous elements, in 
relatively large spindles. 


1. Smooth or Unstriped Muscle. 

Smooth muscle is constructed of spindle-shaped plastids, 
which are usually nucleated, and are held together in bundles 
by means of a delicate cement-substance, surrounding each 
spindle. Unsheathing the bundles there is a delicate layer of 
fibrous connective tissue, the perimysium. The muscle nature 
of these spindles was discovered by A. KbUiker in 1847. 

The spindles vary greatly in size. Very small spindles are 
found in the skin and large arteries, medium-sized spindles in 
the muscle-layers of the mucous membranes, and very large 
spindles in the pregnant uterus. In all instances the separating 
cement-substance can be stained brown by nitrate of silver, and 
the brown line thus produced is pierced at right angles by deli- 
cate light lines which correspond to the minute transverse 
spokes interconnecting all spindles. The spokes are visible with 
high powers of the microscope, without the addition of a re-agent. 
The granules of the spindle are, as a rule, coarse, so as often to 
conceal the central oblong or rod-like nucleus, which, however, 
is easily seen in transverse sections. The granules not infre- 
quently exhibit a partially regular arrangement, especially 
toward their tapering ends, which produces an appearance 
resembling the sarcous elements of striated muscles. The out- 
lines of the spindle are smooth and regular when in a state of 
rest ; but they become slightly scalloped by contraction, when 
the body of the spindle is shortened and broadened. 

The bundles of smooth muscles of the skin are most abundant 
in the region of the nipple and in the scrotum. They run in 
oblique directions, interlacing sometimes at acute angles. The 
oblique section of a bundle is characterized by short spindles ; 
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the transverse section by disks, exhibiting, when the razor has 
passed through the middle of the spindle, the bright central 
nucleus. (See Fig. 109.) 

Bundles of smooth muscle are often found connecting into a 
reticulum — f. i., in the scrotum, the labia majora, the prostate 
gland, the urinary bladder. The bundles are spread in flat 
layers throughout all larger tubular formations of the ali- 
mentary and the genito-urinary tract. We find in these tubes 
at least two layers, of which the one nearest the epithelial sur- 



Fig. 109. — Bundles of Smooth Muscle in the Derma of the Skin 
OF THE Nipple. Chromic Acid Specimen. 

L, longitudinal, 0, oLlictue, T, transverse section of a bundle ; D, derma of tlie skin ; N, 
probably termination of a nerve. Magnified 500 diameters. 


face is circular, and the other longitudinal. In the intestinal 
tract the mucous membrane has two delicate layers (transverse 
and longitudinal), while the tube possesses in addition two 
layers, of which the circular is far more developed than the 
longitudinal. In the stomach, the bladder, and the uterus, 
numerous oblique bundles run between the circular and 
longitudinal. In the lower third of the oesophagus smooth 
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irmscles appear, replacing the striped nmseles, which are present 
in the two upper thirds ; the boundary line between the two is 
not sharply marked, as the libers of both varieties blend with 
each other (Treitz). 

The pregnant uterus is constructed of nnmerons and large 
muscle-libers, also arranged in longitudinal, transverse, and 
oblique bundles. The bioplasson in this situation is very abun- 
dant, giving the spindles a coarsely granular, nearly homogene- 
ous, appearance, ■without a distinct nucleus. Every large spindle 
is composed of a number of smaller ones. The boundary line 
between the latter is often marked at the periphery of the large 
spindle only, or else a faint oblique trace of demarcation may be 
observed within a large spindle. (See Fig. 110.) 

Blood- and Lymph-vessels are numerous in the smooth muscle- 
tissue, producing an elongated, more or less rectangular, retic- 
ulum. Larger blood- and lymph-vessels are found in the denser 
formations of connective tissue between groups of bundles, 
while the delicate perimysium surrounding the bundles contains 
only capillaries. 

The nerves of smooth muscle bundles, after repeated plexi- 
form ramifications, branch in the form of delicate axis fibrillge 
in the cement-substance between the spindles (M. Lowit). Some 
observers claim that the axis fibrillae enter the spindles and ter- 
minate in the nucleolus (Frankenhauser), or pierce the nucleus 
and the nucleolus, in order to again reach the plexus on the 
opposite side of the spindle. Here, as well as in striated muscle, 
a terminal nerve-hill may exist, as indicated in Fig. 109, though 
its relations are not yet sufiiciently studied. 

2. Striped Muscle. 

Striped muscle is composed of comparatively large fusiform 
and sometimes blunt spindle-shaped fibers, which are separated 
from each other by means of a delicate connective-tissue forma- 
tion, and are held together in bundles by means of broader lay- 
ers of the same tissue. ‘Each bundle is composed of a varying 
number of fibers. The fiber is built up by more or less regularly 
arranged layers of sarcous elements, — formations of bioplasson, 
— which are interconnected in all directions by delicate filaments 
of bioplasson, while the meshes between the sarcous elements 
contain a non-contractile, non-living fluid, which can be artifi- 
cially pressed out of every muscle. 
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The distribution of the muscle-fibers in the belly of a muscle 
is best observed in transverse sections, with lower powers of the 
microscope. (See Fig. 111.) 

Each fiber is surrounded, and a certain number of them are 
inclosed, by fibrous connective tissue, the former being termed 



Fig. 110 . — Bgndles of Smooth Muscle op the Human Uteeus, 
Shortly after Delivery. Chromic Acid Specimen. 

L, longitudinal, O, oblique, T, transverse section of bundies ; P, perimysium, containing 
blood-vessels, C ; JE, plastids in tlie connective tissue, probably the first trace of muscle-fibers. 
Magnified 600 diameters. 

internal perimyskim, the latter, external perimysium. The con- 
nective tissue is the exclusive carrier of blood- and lymph-ves- 
sels, also of the nerves, and often contains fat-globules. The 
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external perimysium nnites into tendinous septa, and these 
unite to form the fasciae and aponeuroses. 

Each muscle-fiber, besides, is again inclosed by an extremely 
delicate hyaline, elastic membrane, — the sarcole/mma ., — first de- 
scribed by Th. Schwann, in 1839. This sheath has not yet been 
found in the muscle of the heart. The sarcolemma is distinctly 


PE, external iierimysinm, containing, besides fat-globules and capillary blood-vessels, 
also an artery. A, and bundles of mediillated nerves, N ; PI, internal perimysmm, ensbeatb- 
ing tbe single mnscle-flbers, F. Magnified 200 diameters. 


seen only in transverse sections of muscle-fibers, but it becomes 
visible also in longitudinal fibers, when broken through, or 
after treatment with dilute acids, which destroy the muscle- 
tissue without attacking the sarcolemma. The sarcolemma 
appears as an apparently structureless, extremely thin, cor- 
rugated membrane, destitute of nuclei. (See Pig. 112.) 

The attachment of the muscle-fiber to tendinous or periosteal 
tissue is by means of the internal perimysium, while the sarco- 
lemma terminates around the blunt or sharp point of the muscle- 
fiber (C. Toldt). The tendons often exhibit rounded excavations, 
in which rest the blunt ends of the muscle-fibers; thickened 
elongations of the tendon penetrate to various depths between 
the blunt extremities of the muscle-fibers. The perimysium. 


Fig. 111.— Rectus Muscle op the Eyeball op Man. Trans- 
verse Section. Chromic Acid Specimen. 
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after blending with the tendon or periosteum, is, as a rule, sup- 
plied with a large number of plastids. Groups of plastids are 
sometimes seen filling the triangular space above the point of 



Fig. 112. — Muscle op Tongue op Man. Chromic Acid Specimen. 

L, longitudinal muscle-fiber, broken off and exhibiting its structureless slieath— the sar- 
colemma, S ; N, medullated nerve-liber, terminating in the motor bill, H ; T, transverse sec- 
tion of a muscle-fiber ; P, the perimysium, bolding capillary blood-vessels, C, and nerves, VI 
Magnified 500 diameters. 

the muscle-fi.ber, which often looks as if split into small spindles, 
with sarcous elements irregularly distributed. (See Fig. 113.) 

Regarding the minute structure of striped muscle-tibers, there 
is the widest divergence in the views of histologists. Still, the 
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structure is extremely simple, and proved to be so by the 
description of E. Brlicke, in 1857 (see page 127). The only addi- 
tion I have to make is that all sarcons elements, whatever may 
be their size and arrangement, are uninterruptedly connected in 
both longitudinal and transverse directions. The division of 
the muscle-fiber into the longitudinal fibrillas of Schwann 
depends upon a very close aggregation of the sarcons elements 
in a longitudinal direction. The beaded appearance of these 
fibrillae can be explained only by the presence of filaments, con- 
necting the sarcons elements 
in a lengthwise direction. 

Muscles kept in alcohol ex- 
hibit this characteristic very p. 
distinctly. If, on the con- 
trary, sarcous elements are 
aggregated more closely in 
transverse direction, either 
after mechanical injuries, by 
teasing, or after the applica- 
tion of certain re-agents, 
such as dilute muriatic, 
nitric, lactic acid, or the ^ 
stomachic juice, Bowman’s 
disks will be the result. 

The smaller the sarcous 
elements in a muscle-fiber 
are, the more rapid and con- 
tinuous the action of the mus- 
cle, and vice versa. The heart, 
being the most active of all 
muscles, has the smallest sar- 
cous elements. The slower 
an animal in its motions, the 
larger are its sarcous ele- 
ments. In accordance with what I said on the structure of bio- 
plasson in general, it will be readily understood that contracti- 
bility is increased with the smallness of the points of intersection 
of the reticulum. Normal, fresh muscle-fibers sometimes exhibit 
very small and irregularly distributed sarcous elements and 
active contractions under the microscope. Muscles of the craw- 
fish, the lobster, and the water-beetle are, on account of the large 
size of their sarcous elements, excellent objects for study. As 



Fig. 113.— Attachment of Muscle- 
fibers TO Periosteum. Prom the 
Scapula of a Cat. Chromic Acid 
Specimen. 

M, pointed end of muscle-lit) er; S, tlie sarco- 
leinma, closely attaClied to tlie perimysium, P. 
wliicli Blends witli tBe librous connective tissue of 
peiiosteum. Magnified 500 diameters. 
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Briicke has stated, the arrangement of the sarcous elements in 
the live muscle-tiher greatly varies ; the reasons for this are not 
yet clearly understood. Nevertheless, the schema of the struct- 
ure of muscle-tiher was established by Hen sen under conditions 
when the rows of sarcous elements were divided by a single 
transverse light line, and Merkel divided this line into two. A. 
Schafer adopted the schema of two narrow rows between two 
broad ones. All these conditions are sometimes met with, but 
they are not by any means the only, or the most common, ones. 
The theories of Krause’s muscle-caskets, and Schafer’s connect- 
ing lines, between the two narrow distal rows, have arisen from 
the erroneous idea that the filaments run hefweeM the sarcous 
elements, while in reality they directly connect them, often at 

their edges. Not infrequently 
the sarcous elements, under the 
microscope, appear in oblique 
position, owing to the general 
spindle shape of the muscle- 
fiber, and a dark line is seen on 
one end of the sarcous element, 
which is a shortened view of its 
breadth. This dark line, also, 
had led observers to wrong con- 
clusions. 

Chloride of gold is a good 
re-agent for bringing to view 
with great distinctness all the 
above-described features. That 
the narrow rows themselves are 
composed of small, sarcous ele- 
ments is shown in Pig. 114. 
This condition is exceptional, 
and still more so is the appear- 
ance of double narrow rows, 
compared with the appearance 
illustrated in Fig. 41, page 128. 
That in one muscle-fiber different arrangements of the sarcous 
elements may occur, can be seen in the muscle of craw-fish. 
Often in the fresh muscle* the regular rows disappear, and a 
uniform granulation is for a moment visible, while in the next 
moment the rows are reestablished. In all these conditions the 
muscle-fiber executes contractions. (See Fig. 115.) 



Pig. 114. — Striped Muscle op the 
Water-beetle (Hydrophilus Pi- 
CEUs). Stained with Chloride op 
Gold. 


(S’l row ot larj;e, and ;S’2 row of small, sar- 
cous elements, the latter stained deeper violet 
than the former. All row.s iutereonneoted by 
delicate filaments. Between the rows an uu- 
colored liquid. Magnified 1200 diameter.s. 
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The contraction of a muscle to the naked eye consists in the 
shortening and the broadening of its belly. Accordingly, we see 
under the microscope, in a contracted muscle-liber, all the rows 
of sarcous elements approaching each other, and every sarcous 
element becoming broader. This is done at the expense of the 
connecting filaments, which become shortened. The liquid be- 
tween the rows spreads by 
pressure in the transverse 
direction. By contraction, 
nothing is lost from and 
nothing added to the mus- 
cle-fiber. In extension the 
muscle-fiber is elongated, 
and accordingly the sar- 
cous elements gain in 
length and their rows sepa- 
rate. Ranvier drew atten- 
tion to the presence of two 
kinds of muscles even in iS. 
mammals, especially in 
rabbits — the pale trans- 
parent and the red opaque 
varieties. He claims that 
the pale muscles contract 
more rapidly, upon appli- 
cation of the galvanic cur- 
rent, than the red ones ; 
that the pale muscles have 
a more marked transverse 
and the red a more marked longitudinal striation, and also that 
the nuclei of the pale muscles are less numerous than those of 
the red. 

In transverse sections of muscle-fibers (see Fig. 112) we often 
notice a central, pale, irregularly granular nucleus, or sometimes 
two such nuclei. Instead of, or in addition to, granular nuclei, we 
also see small, irregular, solid lumps of bioplasson in the midst 
of sarcous elements, which formations correspond to the oblong 
nuclei and to the rows of coarse granules in a longitudinal sec- 
tion. From the central nucleus radiating offshoots emanate, 
which interconnect the coarse granules, and group the sarcous 
elements in circular or radiating formations, which are sometimes 
very gracefully arranged. These are the celebrated muscle-nuclei 



Fig. 115 . — Striped Muscle oe the Craw- 
fish (Astacus fluviatilis). Stained 
with Chloride of G-old. 

/S'l, row of large sarcous elements, splitting into 
rows of smaller ones, between tlie rows of large 
sarcous elements rows of small ones ; all rows intor- 
coimected ; N, nuclei on tlie surface of tlie liber. 
Magnified 1200 diameters. 
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of Max Sclinltze. They are evidently remnants of the embryonal 
development, “ undifferentiated protoplasm,’’ as M. Schnltze 
himself said. They often fall out, especially from very thin 
sections, and leave one more central or two more peripheral 
openings, bounded by a jagged or stellate outline. 

The formations termed nuclei really reveal the history of 
development of the mnscle-tiber. Each fiber is constructed on the 
plan of a bundle of connective tissue — for example^ the tendon. It 
is lilcewise composed of one large or a number of smaller territories, 
and each territory has resulted from the coalescence of a number 
of plastids, some or portions of which remain unchanged solid or 
granular bioplassou, while in all surrounding plastids the points 

of intersection of the bioplasson re- 
ticulum assume the regular ar- 
rangement of sarcous elements. 
At the borders of the territories 
sometimes a layer of elastic sub- 
stance is formed, and a whole 
system of territories is, as a rule, 
ensheathed by a solidified, so- 
called elastic substance, the sar- 
colemma, an offspring of the bio- 
plasson liquid. Th. Margo was 
the first observer who proved 
positively that each muscle-fiber 
arises from a number of plas- 
tids, the so-called sarcoplasts,” 
against the view inaugurated by 
Schwann, that a single muscle- 
fiber is an enormously ffrown 
“ cell.” 

In some places the muscle- 
fibers have been found bifurcat- 
ing, f. i., in the tongue, the 
muscles of the eyeball, and the heart. In the heart the muscle- 
fibers are very small, freely branching, and united into bundles 
in the manner of a felt- work. It was said before that here the 
sarcous elements are extremely small, while the nuclei are very 
numerous. This is the only muscle which for eighty or more 
years is in continuous activity — the first to begin and the last to 
stop. (See Fig. 116.) 

The meduUated motor nerves, upon entering the muscle, split 
into numerous branches, which course in a transverse or obhque 



cp. 


Fig. 116 . — Muscle of the Heart 
OF A Newly born Child. Lon- 
gitudinal Section. Chromic 
Acid Specimen. 


NN, nuclei on tlie surface of tlie muscle- 
fiLer ; CP, delicate perimysium, -with oblong 
nuclei and capillary blood-vessels. Magni- 
fied 600 diameters. 
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direction along the fibers ; the branches, repeatedly bifurcating 
and connecting, produce a plexus in the perimysium. From this 
plexus arise the terminal nerve-fibers, each of the muscle-fibers 
being supplied with at least one fiber. In some amphibia, the 
medullated nerve-fiber penetrates the sarcolemma and divides 
into a number of longitudinal axis fibrillae on the surface of the 
muscle. In most animals 
there has been observed a 
terminal disk, the motor 
hill ” of Doyere. This is 
a finely granular discoid, 
slightly elevated formation, 
curving with the surface of 
the muscle-fiber, with a num- 
ber of faintly outlined nuclei. 

The medullated nerve-fiber 
on reaching the hill becomes 
deprived of its myeline in- 
vestment, while the elastic 
myeline sheath (Schwann’s 
sheath) fuses with the sarco- 
lemma, so that the motor ^ 
hill, according to the views 
of most observers, lies un- 
derneath the sarcolemma. 

W. Krause maintains its 
position outside the sarco- 
lemma (see Fig. 111). Kiihne 
has found a broad layer of 
fused medullated nerves 
upon the hid in all higher 
animals. The axis cylinder 
of the nerve-fiber connects 
directly with the delicate 
bioplasson reticnlum within Muscle op Cat. 

the motor hill, and this is njected. 

. j. T 1 T T , arterjp; V, vein. Magnified 800 diameters. 

again connected by delicate 

filaments to the next sarcous elements. Thus a continuous con- 
nection between the nerve and the muscle is established by bridges 
of living matter. Some medullated and perhaps sensorial nerve- 
fibers branch in the perimysium without entering the formation 
■of the motor hills. 

18 
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Blood-vessels are very numerous in striped muscles. They 
are seen running in the external perimysium as larger arteries 
and veins, and when reaching the surface of the bundle they 
ramify into capillaries, which are found in the internal perimy- 
sium without entering the muscle-fiber itself. All vascular for- 
mations of the striped muscle are characterized by very marked 
bifurcations at right angles, and this is especially a prominent 
feature of the branches of the arterioles and the first capillaries 
arising from them. (See Fig. 117.) 

Lymph-vessels are also numerous formations in the tissue of 
the striped muscle, and, as regular injections show, they always 
form a closed system of capillaries, which accompany the arterial 
and venous blood-vessels. 


The Structure of the Muscle op the Lobster. 

By M. L. Holbrook, M. D.* 

When we read the history of those scientific investigations which have been 
made by onr most excellent observers during the last forty years, we can 
hardly fail to be coiivinced that even the simplest facts of natural philosophy 
are only established after long-continued and patient research. Truth is 
rarely or never reached in a straight line, but only by a tortuous and zigzag 
course. At times we seem to have it almost within our grasp, and then it 
becomes lost to view, and we are compelled to seek for it in a new direction. 
All this is true when applied to the research of muscular structure, as we 
shall see. 

The muscular system, as we know, constitutes the motor apparatus of all 
complex animal bodies. By it all movement from place to place, all change 
of shape and form, are accomplished. All motions of the body are based upon 
the contraction of the two varieties of muscle-fibers, for they possess in the 
highest degi-ee the same property seen in every portion of living matter, in 
every simple organism, in every plastid — the power to contract. From this 
it is fair to conclude that muscle must also be living matter. 

Our modern views on the structure of striated muscle date back as far as 
the year 1S39, when Th. Schwann,! in his celebrated researches on the iden- 
tity of the structure of the animal and plant, maintained that the striated 
muscle is composed of innumerable, extremely delicate fibrillfe, of a beaded 
or rosary-like appearance. A number of such fibrillse, the beads of which 
stand in one line close together, would, according to his view, form a 
muscle bundle. If we look at a muscle-fiber, we notice alternating light and 
dark lines of a definite width, and these, according to Schwann’s view, 
originated in the regularity in which the thick and thin portions of the 
fibrillas are placed side by side. 

W. Bowman! demonstrated that the fibers sometimes break up, when sub- 

* Printed from tiie author’s manuscript. 

t “ XJutersuchungen iiher die TJehereiiistimmnug,” etc. Berlin, 1839. 

t Todd’s Cyclopedifl, 1848. 
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jeeted to mechanical injuries or chemical re-agents, into transverse disks. The 
cleavage of the fiber lengthwise gives us the fibrillse, while a transverse 
cleavage gives the disks. By splitting the fibers in a longitudinal and trans- 
verse direction, this investigator obtained iimumerable small cylindrical or 
square pieces, which he called the mrcoits elements. He maintained with great 
positiveness that the striations in the muscle-fiber are due to a difference in 
the refracting power of the intermediate substance, and that the longitudinal 
find transverse splitting are not essential properties of the muscle, but are due 
to mechanical or chemical injuries. 

The next investigator who has thrown light on this subject was E. Briicke.* 
This observer maintains that the sarcous elements are by no means invariable 
and unchangeable formations in the living muscle, but that they are rows of 
corpuscles, differently arranged at the moment of death. On examining the 
fiber with polarized light, he came to the conclusion that the sarcous elements 
are constructed of very small, invisible particles, which he named disdialclasts. 
Upon the grouping of these minute bodies, he believed, depended the varying 
fonnation of the sarcous elements. Brficke argues that the rows of sarcous 
elements are double refracting, while the spaces between them are only 
simple refr’acting. As to the nature and consistence of these intermediate 
layers he offers no opinion. 

C. Heitzmannt pointed out an interconnection of the sarcous elements, 
both longitudinally and transversely, by means of delicate filaments of living 
matter, in the same 7nanner as the granules of bioplasson in the amoeba are 
connected. My own observations point strongly to the correctness of this 
assertioji. 

The observations of the investigators now mentioned are the principal 
sources of our knowledge of striped muscle. The later researches on this 
subject made by Hen sen, W. Krause, W. Engelmann, Heppner, and Alb. 
Schafer have added little to our knowledge, as these authors have ex- 
plained the structure of striped muscle in a complicated manner, and far 
differently from what we really see. Perhaps Cohnheim’s discovery of the 
peculiar fields in transverse sections of frozen muscle deserve a remark, as 
they appear to have been formed by the process of freezing, as we shall see 
later on. 

If we take from the lobster a minute piece of perfectly fresh muscular 
tissue and transfer it, together with a drop of the blood of the animal, to a 
glass slide, and cover it quickly with a thin cover-glass, we may see, with 
moderate powers of the microscope, the fibers composing it, of a nearly 
uniform breadth. These fibers are separated from each other by exceedingly 
narrow light spaces or rims, which in some places contain a granular mass. 
A luimber of fibers are kept together by a delicate fibrous tissue, in which are 
held the vessels and nerves. These latter features are seen best in a trans- 
verse section of the muscle. Within the fiber may be noticed two kinds of 
substance ; one is opaque, of a dim luster ; the other is light, uncolored, not 
shining. In many places the two substances alternate with each other in 
siich a way as to form rows, running in the transverse direction of the fiber, or 
we may sometimes observe that the opaque substance is distributed vnthout 

* “ Untorsuclmiigen liber den Ban d. Muskelfasern mit Hiilte des polar. Lichtes.” Denk- 
schr. d. Wiener Akad. Bd. xv., 1867. 

t “’Untersnohungen liber das Protoplasnia.” Sitznngsber. d. Wiener Akad. d. Wissenscb., 
1873. 
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regularity in the form of granules in the light substance. The rows composed 
of the bright substance vary greatly in their width. Sometimes a line of it 
is as broad as the light substance ; or the shining substance may very much 
surpass the light one in breadth ; or a broad line may be split in the center 
by an exceedingly narrow light line. In other words, the bright substance 
varies greatly in its amount in relation to the light substance. 

When we come to use higher powers of the microscope, we find that each 
shining line is composed of a large number of square, cylindrical, or prism- 
shaped pieces, which are the sarcons dc- 
Z> ments of Bowman. (See Fig. 118.) 

We also see that the light layer between 
the rows of sarcons elements is traversed 
by extremely delicate grayish filaments, 
connecting all the rows within a mnscle- 
fiber. When the sarcous elements are 
separated, so as to render the light inter- 
stices between them visible, we again see 
the grayish filaments connecting the sar- 
cous elements in a transverse direction. 
Lastly, we see that all the interstices be- 
tween the muscle-fibers are traversed by 
11 {ll [1| (/ delicate grayish threads or spokes, con- 

necting the adjoining muscle-fibers, and 
also connecting the sarcons elements with 
the granules present between the fibers. 

From this it is evident that the mi- 
nute structure of the fresh muscle of the 
lobster is reticular. The nodulations of 
the reticulum correspond to the sarcous 
elements, and vary greatly in size, while 
the rectangular connecting fibrillse always 
are very delicate. 

All observers agree that the sarcous 
elements are the active agents in mns- 
eular contraction, because they are the 
formations that change their shape and 
place during the contraction of the muscle, 
while the intermediate light spaces are 
filled with a non-eontractile liquid. 

In order to bring out more perfectly the structure of muscle than could be 
done in its natural state, I used, with success, a one-half per cent, solution of 
chloride of gold, which is known to stain living matter violet. 

I also tried the freezing of the muscle by means of rhigoline-spray, in 
order to cut the sections more easily and perfectly. But this changed the 
texture, at times even completely destroying it, and I was compelled to resort 
to other means. Here I may state that I suspect the peculiar condition of the 
muscle .discovered by Cohnheim, and previously mentioned, may have been 
caused by freezing. I did not succeed in obtaining those peculiar fields, 
described by him, in transverse sections of the muscle of the ox, made while 
the tissue was slightly frozen. 

The next re-agent which I used was a one-half per cent, solution of 



Fig. 118. — Muscle of Lobster. 

A, muscle-flUer with siugle rows ot 
sai’cous elements; B, muscle-liijer with 
(livifled rows of sarcous elements ; C, sin- 
gle torn fihrilla, composed of divided rows 
of sarcous elements ; I), single fihrilla 
witliout distinct structure. CD, features 
from specimens xjreserved in chromic 
acid solution. Magnified 1200 diameters. 
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chromic acid, which is known to preserve and harden living matter, but not 
to destroy its character or otherwise injure it. The results with the chromic 
acid specimens were found to be the same as those observed in the fresh 
muscle. ■ Here, too, the alternating layers of sarcous elements and the inter- 
stitial layers were plainly recognized. The rows of sarcous elements varied 
greatly in breadth and form. If we tease a chromic acid specimen, we 
obtain delicate longitudinal fibrillse, because we break the transverse connec- 
tions — the filaments of living matter which unite them together. Such an 
artificially isolated fibrilla may appear beaded, as was asserted by Th. 
Schwann, or it may exhibit a nearly uniform width throughout its entire 
length, or the entire fibrilla may appear bright and homogeneous, and show 
no trace of any difference in its optical properties in any part. This can be 
explained by the fact that the sarcous elements within the muscle-fiber may 
coalesce, or approach each other so closely that the intermediate light sub- 
stance becomes invisible. We may explain the beaded condition of the 
fibrilla either by saying that the living matter produces a solid square piece, 
— the sarcous element, — which above and below is hollowed out and incloses 
the interstitial liquid, or by saying that from both edges of the sarcous ele- 
ment connecting filaments run to the neighboring sarcous element. 

In a longitudinal section of a muscle-fiber, we not infrequently meet with 
oblong solid masses of a highly refracting nature, which are termed by the 
authors, the nuclei. That such formations are present, not only on the sur- 
face of the muscle-fiber, but also in its interior, is best demonstrated in trans- 
verse sections, where, in the center of the fiber, we almost invariably observe 
a more solid mass, with stellate offshoots which subdivide the muscle-fiber 
into smaller fields. The presence of these large bioplasson masses within the 
muscle-fiber has a close connection with the history of the development of the 
muscle. Similar formations do, however, occur in the muscles of mammals. 
I have especially observed globular or oblong bioplasson masses in the center 
of the muscle-fiber of the ox. In making transverse sections, these masses 
are very liable to fall out, or, perhaps, be drawn out by the razor, leaving an 
empty space behind. This gives the incorrect impression that the miiscle- 
fiber is hollow in its center. 

Every muscle-fiber in mammals is known to be ensheathed in an extremely 
delicate, firm, so-called elastic or hyaline membrane — the sarcolemma. This 
layer is present around the muscle-fibers of the lobster also. 

The statement of E. Briicke, which has gained general assent, that the 
sarcous elements are possessed of a double refracting power, is, I am con- 
vinced, incorrect ; at least, my own observations on the muscle of the lobster 
with polarized light are not in accord with this view. I made a large number 
of observations on specimens prepared in different whys, and also with perfectly 
fresh specimens, moistened with a drop of the blood of the animal, and could 
only obtain the phenomena of polarization in specimens of some thickness. 
In every case when the specimen was very thin, and allowed the light to pass 
through it freely, there was no evidence of polarization. W. Kiihne (1864) 
failed to obtain polarization with the amoeba, and my observation with the 
muscle-fib'er of the lobster coincides with his. 

It is Doyere’s and Kiihne’s discovery that the motor nerves, which control 
the action of the muscles, never enter the muscle fibers, but terminate on 
their surface, generally in the form of hills, the so-called motor hills. I have 
observed similar formations in the muscle of the lobster, and, further, I have 
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observed a direct eoiineetion of the bioplasson of the motor hill with the 
adjacent sareoiis elements by many delicate grayish filaments of bioplasson 
Thus, it becomes intelligible that the influence of the motor nerve may be 
transmitted to a number of sarcous elements, from whicli it may spread 
toward the points of the fiber and produce contraction. 

As a result of these investigations, I am led to the conclusion that the striated 
muscle of the lobster is constructed on the same plan as the striated muscles of the 
highly developed mammals. It is a formation of living matter of a reticular 
structure, the points of intersection being the sarcous elements, the means of 
connection being delicate filaments extending in a longitudinal and transverse 
direction. 




IX. 


NEEVE-TISSUE.* 


"VTERVE-TISSUE is composed of living matter, seen either as 
X 1 an extremely delicate reticulum, or as apparently homo- 
geneous filaments — the axis-cylinders. The reticulum is of a 
uniform width, without well-marked points of intersection (see 
page 128, Pigs. 42 and 43), as seen in the gray substance of the 
brain and the spinal cord. In the reticular bioplasson, formations 
are imbedded, which bear resemblance to nuclei, with distinct 
walls and larger branching bodies, usually nucleated and reticu- 
lar in structure — viz.: the ganglionic elements. From the retic- 
ulum of the gray substance, and also from that of ganglionic 
elements, somewhat thicker filaments emanate, — the axis-cylin- 
ders, — which are the essential part of the structure of nerves. 
The axis-cylinders, as a continuous formation, pervade aU tissues 
of the body except the horny epidermal tissue, and serve for 
the transmission of either sensory impressions from the peri- 
phery to the center, or motor impulses from the center to the 
periphery. 

Nerve-tissue, as such, is destitute of blood- and lymph- vessels. 

* This chapter will he found more deficient in histological facts than, per- 
haps, any other of the hook. The reason is that I have not as yet given very 
much time to the study of nerve-tissue, this being the most unsatisfactory and 
discouraging portion of histology. I prefer, therefore, to he incomplete in 
this matter until I am ahle to make positive assertions, based on personal 
observation, instead of relying too much on what others have said. The par- 
ticulars that I shall give concerning the architecture of the brain I have 
taken from the ingenious publications of Th. Meynert. 
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It is only the accompanying and ensheathing connective tissue 
which carries vessels. 

In order to facilitate the study of the nervous system, it is 
convenient to subdivide it into three main portions, all of which 
form one continuous mass of tissue — i. e., the central portion, 
the conducting portion, and the terminal portion. 


1. Nerve-centers. 

In the brain and the spinal cord, it is only the gray sub- 
stance which can be called nerve-center, as the white substance is 
composed of conducting nerves. The gangha of the sympathetic 
nerves may also be considered as central organs. 

(A) Brain. According to Th. Meynert,* the gray substance of the brain 
may be divided into four groups : 

( a) The uppermost mass of gray matter, from which the entire white sub- 
stance of the brain takes its rise, is the superficial gray substance of the cerebral 
lobes — the cortex cerebri ; 

(b ) Collections of gray matter are the ganglia of the cerebrum — the corpus 
striatum, the three members of the lenticular nucleus, the thalamus opticus, 
and the corpora quadrigemina ; 

(c) The tubular gray matter, which invests the cavities of the brain as a 
direct prolongation of the gray substance of the spinal cord, traceable through 
the fossa rhomboidalis, the aqueduct, the middle ventricle, into the tuber 
cinereum and the infundibulum ; 

(d) The gray substance of the cerebellum, arranged partly in layers, partly 
in central aggregations, and in connection with the gray formations of the 
caudex cerebri, which are traversed by the medullary substance of the cere- 
bellum. 

The gray masses are connected by means of fibrous tracts of the white 
substance. The gray cortex of the brain receives all the sensory impressions 
from the outer world, and from it arise the motor impulses, communicated to 
the motor nerves. 

The medullary or white substance of the large hemispheres of the brain — 
the corona radiata — furnishes the routes of this system of projections of the 
first order] and, moreover, this system is connected by bundles of nerve-fibers 
with the cerebellum. The fibers of this projection system take mostly a radi- 
ating course ; additional formations of this system are the commissures in the 
corpus callosum, which connect the corresponding portions of the right and 
the left side, and the systems of association, which connect different regions 
of the cortex in one hemisphere. 

The ganglia of the cerebrum interrupt the projection system of the first 
order, and in them a reduction of the number of the fibers of this system 


* “ A Manual of Histology,” Ijj^ S Strieker. American edition, 1872. 
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takes place. The bundles of nerve-fibers, leaving the ganglia and entering 
the central tubular gray investment of the brain, are considered as the pro- 
jection system of the second order. This system is composed of two portions. 
One for the impulse of voluntary muscle action, arises from the corpus 
striatum and the nucleus lenticularis, penetrating the pedunculus cruris 
cerebri ; the other portion is the route of refiex motion, and takes its origin 
from the thalamus opticus, the corpora quadrigemina, and the corp. genicula- 
tum internum, running into the tegmentum cruris cerebri. 

The tubular gi*ay matter gives rise to the peripheral nerves, which are 
gi’eatly increased in number, as compared with their reduction in the ganglia. 
The peripheral nerves represent the projection system of the third order. The 
accumulations of nerve elements in the tubular gray matter are termed its 
nuclei, and this gray matter itself lies bare on the base of the brain in the 
lamina perforata posterior and the infundibulum. 

The cerebellum is independent, to a certain degree, of the projection 
systems of the brain, though connected by the crura cerebelli with the cortex 
cerebri, and probably by the crura cerebelli ad pontem. It connects with the 
spinal cord through the fasciculi gracilis and cuneiformis and the restiform 
bodies. 

The medulla ohlongata connects the brain with the spinal cord ; in this 
foiunation the projection system of the second order is reduced to its simplest 
form, as observed in the spinal cord. Both halves of the medulla oblongata 
are connected by the pyramidal decussations, and both contain a number of 
gray nuclei, the superior and inferior olivary bodies and the nucleus of the 
pyramis. 

The cortex of the brain has a common form of stratification, from which, 
however, deviations are found in the occipital extremity, in the cortex bound- 
ing the fossa Sylvii, in Ammon’s horn, and in the olfactory bulb. 

There are five strata of the cortex cerebri in man, which are as follows : 

(a) The most superficial layer, which consists mostly of connective tissue, 
and of a few small ganglionic elements and delicate nerve-fibrillse ; 

(b ) The second layer is marked by a large number of small, multipolar 
ganglionic elements ; 

(c) The third and broadest layer contains multipolar ganglionic elements, 
decidedly surpassing in size those of the second layer. Their shape is either 
pyramidal or fusiform, with the longitudinal direction vertical to the brain 
surface. Their upper projection divides into a delicate reticulum ; the lower 
passes without division toward the white substance ; 

(d) The fourth layer contains small globules, with very delicate offshoots : 
these, possibly, may be only connected with the sensory nerves ; 

(e) The fifth layer holds spindle-shaped ganglionic elements, which lie 
parallel to the surface of the brain, and have undivided offshoots. Meynert 
considers them to be the intercalated cells of the system of association. 

In the occipital extremity there are eight layers ; the third typical layer is 
wanting, but the granular formation is composed of three layers. In the 
cortex, bounding the fossa Sylvii, the fifth layer is markedly developed, pro- 
ducing the claustrum. The cortex of the Ammon’s horn has no granular 
layer, while the motor elements of the second and third typical layers are 
very abundant. The cortex of the olfactory bulb in its upper portion is cov- 
ered with a white layer, and exhibits from below upward : a layer of non- 
medullated nerve-fibers, a layer of the glomeruli olfactorii, a layer of 
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spindle-shaped ganglionic elements, and a layer of granules, the fibers between 
which unite with those of the uppermost white medullary layer. 

The Oriyin of the Cerebral Nerves. As before stated, the tubular gi’ay 
matter, which is located around the aquaeductus Sylvii and extends backward, 
connecting with the floor of the fourth ventricle, gives rise to the cerebral 
nerves. In this gray matter we find groups of multipolar ganglionic elements, 
wliich are known to be the nuclei of the nerves. There are also exceptional 
formations found in the tracts along the anterior pair of the corpora quadri- 
gemina, wdiich eojisist of very large globular ganglionic elements. These con- 
stitute the sensitive roots of the trigeminiis. Similar formations are found iu 
the anterior nucleus of the root of the auditory nerve. Brown and black pig- 
ment granules are present in the siibstantia ferruginea of the fossa rhomboid- 
alis and in the substantia nigra of the pedunculus cerebri. The nucleus of the 
hypoglossal nerve has very large ganglionic elements and a reticular forma- 
tion, produced by a close combination of layers of the gray and white sub- 
stance. In the medulla oblongata such formations occur : in the pyramis, in 
the fasciculi restiformis, gracilis, and cuneiformis. 

The olfactory nerve arises from the olfactory bulb ; its external and larger 
tract is connected with the gyrus uncinatus or subiculum cornu Ammonis ; 
its internal tract connects with the frontal extremity of the gyi’us fornicatus, 
and its middle tract with the head of the corpus striatum. 

The optic nerve very probably starts from several nuclei, one of which is, 
perhaps, the anterior pair of the corpora quadrigemina (Corp. bigem. super.). 

The motor ocuU and trochlear nerve spring from a cylindrical group of ele- 
ments below the aquaeductus Sylvii, near the median line. This nucleus, by 
means of nerve-bundles, is in connection with the corpus striatum and the 
corpus bigem. superius. 

The trigeminus nerve has several nuclei. The upper sensitive nucleus is 
composed of groiips of ganglionic elements along the tegmentum of the ante- 
rior pair of the corpora quadrigemina ; the middle sensitive nucleus is located 
below the upper one ; the under sensitive nucleus exists in the medulla 
oblongata, and is traceable into the posterior column of the spinal cord. The 
motor root of this nerve has its nucleus in the fossa rhomboidalis, extending 
anteriorly to the aquEeductus Sylvii. 

The abducent nerve originates from a nucleus in the anterior portion of 
the fossa rhomboidalis, and is in connection with the deeper situated nucleus 
of the facial nerve. 

The facial nerve originates from three roots arising from a nucleus in the 
depths of the floor of the fourth ventricle, where large ganglionic elements 
with bulky offshoots are seen. 

The auditory 7ierve has its nucleus in the floor of the fossa rhomboidalis, 
extending from the median line toward the pedunculi cerebelli, and gaining in 
thickness as it advances. The median portion is the iimer acoustic nucleus, 
which may be divided into three parts. The broad outer portion has large 
pyramidal ganglionic elements. An anterior nucleus is located at the side of 
the pedunculus cerebelli. 

The glosso-pharyngeal and vagus nerve arise from one common nucleus, the 
anterior portion of which, reaching the internal acoustic nucleus, belongs to 
the glosso-pharyngeal nerve, while the posterior portion, in the ala cinerea of 
the fossa rhomboidalis, constitutes the vagus. 

The spinal accessory im’ve originates partly from the nucleiis of the vagus. 
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partly from a columnar formation, closely connected with the nucleus of the 
vagus and traceable into the anterior column of the spinal cord. 

The hypoglossal nerve has its nucleus in the posterior portion of the fossa 
rhomhoidalis, close to the median line. There is also a direct passage of 
fibers from the crus cerebri into the hypoglossus by way of the raphe. 

fBJ Gray ^uhstance. The gray substance is the only nerve- 
tissue found in the brain of the lower vertebrates. Here, instead 
of ganglionic elements, nuclei are present, which, especially 
aronnd the ventricles, collect in regular rows, representing in its 
simplest relations the bioplasson of the nervous center. (See 
Fig. 118.) 

The presence of connective tissue in the gray substance is 
unquestionable, as it is the carrier of the numerous blood-vessels 
of the gray substance. The finest ramifications of connective 
tissue, however, have not been discovered, but are still the sub- 
ject of animated controversy among histologists. It seems that 
the finest offshoots of the ganghonic elements, producing an 
extremely delicate reticulum, first discovered by T. Gerlach, 
deserve to be classified among nervous structures, inasmuch as 
in this reticnlnm there is no indication of a basis-substance — an 
essential part of all varieties of connective tissue. It may be that 
connective and nervous tissue blend with each other so intimately 
that an accurate determination of either of them is impossible. 

The blood-vessels of the gray substanee are characterized by 
the presence of a lymph-sheath. His was the first to draw atten- 
tion to this fact. According to him, each blood-vessel is en- 
sheathed by an adventitial coat of endothelial structure, and the 
space between the tube of the blood-vessel and the investing tnbe 
of the lymph-vessel varies greatly in width. BolPs view con- 
cerning the lymph-sheath is somewhat different. 

The cortex of the cerebellum is composed of three layers. The 
outermost is called the gray layer, and exhibits, with low powers 
of the microscope, a delicate granular appearance, which, with 
high powers, proves to be a reticulum, considered by histolo- 
gists to be a connective-tissue formation. Within the reticulnm 
there are scanty, small, branching ganglionic elements ; on the 
innermost portion we notice fibrons tracts, in a direction par- 
allel to the surface. The middle so-called cell-layer contains 
large, branching, and nucleated ganghonic elements, mostly pear- 
shaped, standing in a vertical or oblique direction to the snrface. 
These bodies, in honor of their discoverer, are termed Purkinje’s 
cells. From the outer pole of each corpuscle originates an offshoot. 
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white substance. The inner so-called granular layer is composed 
of heaps of small globular bodies, mostly of a high degree of 


Fig. 118. — Anterior Lobe of the Brain of a Tree-frog. 
Sagittal Section. 

J, investing slieatli of connective tissue; M, rows of nuclei; V, ventricle, vritli endothel- 
ial investment ; N, hundle of medullated uerve-fiBers. Magnified 60 diameters. 


which freely bifurcates and sends its branches into the outer gray 
layer. From the inner pole arises an olfshoot, which, without 
ramifications, traverses the granular layer and runs into the 
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refraction and similar to the bodies found in the granular layers 
of the retina. Their nature is unknown. 


The hypophysis cerebri exhibits two lobules, which are separated from each 
other by a number of venous blood-vessels. The posterior small portion is 
an elongation of the infundibulum, and probably belongs to the nervous struct- 
ures. The anterior large lobule is a glandular formation, and, as Von Mihal- 
kovits has demonstrated, was originally a club-like prolongation of the oral 
cavity of the embryo. 

The phwal gland is attached to the brain by means of connective tissue, 
and has no nerve elements in its interior. It is composed of alveoli, contain- 
ing corpuscles in a reticular arrangement. In the middle portions, the alve- 
oli are filled with the cerebral sand, consisting of globular or mulberry-like 
concretions, as a rule exhibiting a concentric striation. 

The organic material in these bodies is infiltrated with carbonate of lime 
and phosphate of magnesia. 

The (jray substance of the spinal cord is in the center throngh- 
out the whole length of the cord, reaching the greatest size in 
the cervical and the lumbar portion, where the largest nerves for 
the extremities arise. The general form of the gray substance in 
tranverse section resembles a butterfly, the two anterior larger 
wings being distinguished from the posterior smaller ones by a 
shallow depression. Each half of the gray substance represents 
a column, and the two are connected by commissures travers- 
ing the so-called medullary cone or commissure leaf (Markblatt, 
Commissurenblatt). (See Fig. 119.) 

Each gray column exhibits a large anterior., or motor, horn, 
and a smaller posterior, or sensitive, horn. In the outer portion of 
the anterior horn we And very large motor ganglionic^ elements, 
varying greatly in size and shape in different portions of the 
spinal cord. In some portions of the posterior horn ganglionic 
elements are absent, and in their place accumulations of nuclei- 
like bodies are observed. The posterior horn, from its soft con- 
sistence, bears the unnecessary name, gelatinous substance,” 
which name by some histologists is given to the commissural 
portions in the neighborhood of the central canal. The latter 
portion is also called the central ependyma thread, or the central 
gray nucleus. The central canal, a prolongation of the cerebral 
ventricles, is lined by a columnar endothelium, which in youth 
shows distinct cilia, while in older individuals the cilia are not so 
plainly marked. 

(CJ Ganglionic Elements. The ganglionic nerve elements (“ gan- 
glion cells ”) are scattered throughout the gray substance of the 
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brain and spinal cord ; they vary greatly in size and shape. The 
smallest of these bodies are kindred to those formations of the 
gray substance considered as nuclei. Many of them are doubt- 
ful in their nature — f. i., the cells of Deiters/’ which by some 
observers are considered as nervous, by others as connective- 
tissue, corpuscles. The larger ganglionic bodies exhibit a dis- 
tinct angular or fusiform shape, and give rise to nerve-fibers, 
therefore are real nerve-centers. The largest ganglionic elements 
are found in the lateral portion of the anterior or motor horn of 
the spinal cord. 

In the spinal cord, the groups of ganglionic elements are dis- 



Fig. 119. — Spinal Cord op Frog. Transverse Section. 

AF, anterior longitudinal fissure ; PF, posterior longitudinal fissjire ; IP, white substance : 
A C, anterior commissure of the gray substance ; M&, anterior or motor horn of tlie gray col- 
umn, rich with ganglionic elements; S'C, posterior or sensitive horn ; 00, central canal ; PC, 
commissure layer, with fibers of the posterior commissure ; MR, anterior or motor roots; PR, 
l)Osterior or sensitive roots of nerves; JOT, intervertebral ganglion, the connection with PR 
broken ; V, pia mater, holding a blood-vessel. Magnified 50 diameters. 


tribnted in the following way : In the anterior horn we notice 
three groups of ganglionic elements, not distinctly marked 
throughout the whole ; the largest group lies in the lateral por- 
tion 5 a smaller group in the anterior portion, near the greatest 
protrusion of the anterior horn, and a third group, the smallest. 
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near tlie median line. A fourth group of ganglionic elements, 
constituting the columns of CJarl'e, is found only in the thoracic 
portion of the spinal cord, in the foremost part of the posterior 
horn, near the posterior commissure. In the posterior horn the 
ganglionic elements are always small, scattered, and with com- 
paratively few offshoots. The illustration is taken from the 
third group of the anterior horn. (See Fig. 120.) 

The ganglionic elements are bioplasson formations, which, 
according to the number of offshoots, are termed unipolar, 



Fig. 120 . — Ganglionic Elements from the Anterior or Motor 
Horn of the Spinal Cord op a Child. 

U, unipolar; R, bipolar; T, tripolar; Q, quadripolar ganglionic element; W, gray sub- 
•stance, containing small, sbiuiug nuclei, and a number ol axis-cylinders; CL, capillary 
blood-vessel, longitudinalljq CT, capillary blood-vess('l, transversely, cut, each surrounded 
bj’’ the Ij'mph-sheath. Magnilled 600 diametei's. 


bipolar, tripolar, quadripolar, or multipolar. The number of 
offshoots is in close relation with the size of the corpuscle. A 
Light space is often found around the ganglionic element ; this is 
the so-called “periganglionic space,’’ which, in all probability, is 
artificially produced by the shrinkage of the neighboring tissue. 
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The reticular structure of these bodies was first described by 
C. Frommann, in 1867. This reticulum is usually very distinct, 
especially when the formations of nuclei, nucleoli, and nucleolini 
(L. Mauthner) are well marked. The reticular structure is not 
peculiar to these bodies, but is one of the general features of all 
bioplasson. The offshoots of the ganglionic elements are of two 
kinds : the broad, so-called protoplasmic offshoots of Eeiters, and 
the narrow, axis-cylinder offshoots. Of the former, we know that 
they connect neighboring elements and branch out into the 
gray substance, where they divide into an extremely delicate 
reticulum, fii*st described by T. Gerlach. This author further 
asserts that the ganglionic elements of Clarke’s columns, and 
perhaps those of the posterior horns also, have no other than 
branching offshoots. The narrow axis-cylinder offshoot takes 
a more or less straight course, and enters the white substance 
without ramifications, thus being a future nerve-fiber. Axis- 
cylinder offshoots arise also from the gray substance, without 
any connection with ganglionic elements. 

M. Schultze and others maintain that the axis-cylinder has a 
delicate fibrillated structure, and that the fibrillae spread in the 
body of the ganglionic element after the manner of a fan. This 
assertion is based upon observation of teased specimens, and 
should be cautiously received. I have often studied the brain 
structure of freshly killed rabbits, both with and without the 
addition of an indifferent liquid, and could never discover any 
fibrillated structure in the axis-cylinders. Both the broad 
axis-cylinders and the broad offshoots have a delicate reticular 
structure, like that seen in the ganglionic elements themselves. 
The finest axis-cylinders are apparently solid of slightly vacu- 
oled. In the gray substance, especially in young animals, many 
axis-cylinders exhibit varicose enlargements, which are consid- 
ered by histologists to be post-mortem appearances. This, 
again, is an assertion which I must contradict, as I have fre- 
quently observed such enlargements in fresh specimens (see page 
129, Fig. 43). I must also contradict the assertion of histologists 
that medullated nerve-fibers arise directly from ganglionic ele- 
ments. These bodies are present only in the gray matter, where 
no medullated nerve-fibers exist, but only bare axis-cylinders ; 
obviously, therefore, the axis-cylinder, emanating from the gan- 
glionic body, must run for a certain distance without a myeline 
investment. 

Very little is known regarding the course taken by the nerve- 
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fibers within the gray substance of the spinal cord. The nerves 
of the anterior or motor roots originate from the motor ganglia ; 



Fig. 121 . — Anterior Portion of the Spinal Coro 
OP A Child. Transverse Section. 


F, anterior longitudinal fi.s.sure ; P, i)ia mater ; TV, white suhstance, traver.sed by offshoots 
of the i>ia mater ; 0, pas.sage of the anterior or motor nerves through the wliite substance ; G, 
gray substance, containing N, ganglionic elements ; C, central canal, containing granulai' 
coagulated cerebro-spinal li(iuid. Maguitied 150 diameters. 

a small number of nerve-fibers reach the motor roots from the 
white substance. From the reticnlnm of Gerlach nerve-fibers 
19 
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arise wliicli reach the opposite horns^ partly through the anterior 
commissure, partly by running upward to the medulla oblongata, 
where they decussate. The posterior roots also arise from two 
bundles, one of which traverses the posterior commissure. Ac- 
cording to G-erlach, it is also probable that from the reticulum of 
the posterior horn nerve-libers originate, which in this horn and 
in the white substance take a centripetal course. The structure 
of the posterior horn is considered to be mainly connective tissue, 
especially in its gelatinous portion. 

(])J The white substance of the sjjinal cord, as well as that of 
the cerebrum and cerebellum, is composed of meduUated nerve- 
libers, which in the spinal cord run in a longitudinal direction 
and furnish the outer investment with its nerve supply. This 
substance borders on the anterior and posterior longitudinal 
fissure, and is pierced by numerous offshoots of the pia mater, 
which divide and subdivide the nerve-bundles into larger and 
smaller groups. (See Fig. 121.) 

The anterior and posterior roots of the spinal nerves also pro- 
duce smaller fissures in the lateral portions of the white sub- 
stance, the sulcus lateralis anterior and posterior, by which the 
white substance is divided on either side into an anterior, a lat- 
eral, and a posterior cord. In the thoracic and cervical portions 
of the spinal cord the posterior part is again divided into halves, 
the middle division of which is termed the delicate cord, and the 
larger lateral portions the wedge-shaped cords. 

The meduUated nerve-fibers of the white substance vary 
greatly in size. The coarser offshoots of the pia mater send lat- 
eral prolongations between the nerve-fibers, every one of which 
has a delicate investment of connective tissue — the perineurium 
internum or neuroglia. According to Gerlach, this connective 
tissue is rich in elastic substance, and furnished with small glob- 
iilar or angular nuclei, but has a relatively scanty supply of 
blood-vessels. 

In transverse sections of the white substance, we especially 
recognize the meduUated nerve-fibers by their graceful ensheath- 
ing reticulum of connective tissue and their central, bright axis- 
cylinder, which readily takes up the carmine stain. (See Fig. 
122 .) 

Each nerve-fiber is provided with a delicate outer investing 
membrane — the myeline sheath, or Schwann’s sheath — which 
holds flat, oblong (in the transverse section spindle-shaped) 
nuclei. Former observers denied the existence of this sheath ; 
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but Grerlacli concluded that it must be present, and I positively 
maintain its existence. The next layer is the myeline investment., 
which, in thin sections, is invariably destroyed. In its place, a 
delicate, knotty re tic nl am is visible, to the existence of which 
Kiihne and Ewald* first drew attention. These observers claim 
that the reticulum in the myeline layer is horny or keratoid, 
because it resists digestion with pepsine and tripsine. They also 
traced in the gray substance a similarly resistant reticulum. In 
the meshes of this reticulum the myeline is contained. The mye- 
line investment in some nerves is very narrow, and in others 
completely wanting. The next layer is a delicate sheath — the 



Fig. 122.— White Shbstaxce op the Spinal Cord 
OF A Child. Transverse Section. 

PE, connective-tissue offshoot ol the pia mater — the external perineurium; PJ, lateral 
connective- tissue offshoots around the uerve-lihers — the internal perineurium; M, oozed-out 
m 5 'eline investment, with inclosing mj^eline sheath ; A, axis-cjdinder, with inclosing axis, 
cylinder sheath. Magnified 600 diameters. 

axis-cylinder sheath., discovered by L. Mauthner — similar to the 
myeline sheath. The center is occupied by the bright, homo- 
geneous-looking, usually roundish axis-cylinder, from which 
delicate radiating spokes emanate and go to the axis-cylinder 
sheath. 

In longitudinal sections the axis-cylinder is plainly visible 
only where the investing sheaths are stripped off, but where the 

* Verhandlungeii der Heidelberger Gesellschaft, 1876. 
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sheaths are preserved and the myeline is absent, a faint trace only 
of the axis-cylinder is discerned. We recognize the myeline 
sheath with its oblong nuclei ; at pretty regular intervals it sends 
out transverse septa through the myeline investment, the signifi- 
cance of which will be spoken of later. The reticulum of the 
myeline sheath is very distinct where the myeline has oozed out. 
The axis-cylinder sheath can be recognized here and there, 

though it is often very diffi- 
cult to distinguish it from 
the stretched myeline sheath, 
which may lie close to the 
axis-cylinder. (See Fig. 123.) 

(E) The Connective-tissue 
Investments of the Brain and 
the S^nnal Cord. The brain 
and spinal cord have three 
membraneous investments — 
the dura mater, the araeh- 
noidea, and the pia mater. 
The spaces between these are 
filled with a varying amount 
of cerebro-spinal liquid. The 
space between the dura matei* 
and the arachnoid is called 
the subdural space; that be- 
tween the arachnoid and the 
pia mater bears the name suh- 
arachnoidal space, and is tra- 
versed by trabeculae of con- 
nective tissue, uniting the 
membranes. In the spinal 
canal this space is subdivided 
into halves by the Lig. den- 
ticulatnm, and contains the 
large blood-vessels at the base of the brain. A third space 
between the pia mater and the surface of the brain may be pro- 
duced artificially by the injection of liquids from without ; it is 
called the epicerebral space. 

The dura mater of the skull represents the periosteum of the 
cranial bones, while in the spinal canal there is a periosteal 
investment of the vertebrae, in addition to the dura mater. It 
is composed of very firm, dense interlacing fibers of connective 
tissue. Its outer layer is weU provided with blood-vessels enter- 



Fig. 123. — White Substance op the 
Spinal Cord op the Horse. Lon- 
gitudinal Section. 

A, axis-cylinder; AS, axis-cylinder .slieatli; 
N, nucleus of tlie myeline slieath; MS, mye- 
line slieath, with oBlong nuclei. Magnified 600 
diameters. 


N Eli VE- TISS UE. 


293 


ing the skiill-boiies ; while the inner layer, that which alone 
forms the dura mater of the spinal cord, has a comparatively 
scanty supply of blood-vessels. The inner surface of this mem- 
brane is lined with a delicate layer of endothelia. 

The araclmoidea is composed of much more delicate bundles 
of connective tissue than the dura mater (see Fig. 55, page 160), 
and probably contains neither blood-vessels nor nerves. Both 
its surfaces are covered with endothelia. It sends numerous 
trabeculte in an oblique direction into : 

The pia -mater, which is also constructed of delicate inter- 
lacing bundles of connective tissue and supplied with numerous 
blood- and lymph-vessels and nerves. The prolongations of the 
pia mater into the brain and spinal cord convey mainly capil- 
lary blood- vessel^s, as the division of the arteries into capillaries 
takes place before their entrance into the nerve-centers. The telm 
choroideae are freely vascularized formations of the pia mater ; 
their blood-vessels are coiled in bundles, and produce the lobules 
which are covered mth large, partially ciliated, endothelia, often 
containing pigment and fat-granules. 

fFJ The Ganglia. Nerves of the cerebro-spinal system are 
provided in certain localities with spindle-shaped, or globular 
or ereseent-like, enlargements, the ganglia, which consist of an 
accumulation of ganglionic elements, greatly varying in size, 
and arranged either in rows or in clusters, which are more 
numerous at the periphery of the ganglion than at its center. 
The manner in which nerve-fibers are connected with the gan- 
glionic elements has not yet been elucidated. Each ganglion 
is. ensheathed by a connective-tissue capsule, and divided by 
septa of connective tissue into smaller portions ; sometimes 
every single large ganglionic element is inclosed by a connective- 
tissue sheath, the connective tissue being always freely sup- 
plied with blood-vessels. 

The ganglia of the sympathetic nerve system contain smaller 
ganglionic elements and numerous globular bodies, exhibiting 
the features of lymph-corpuscles or nuclei rather than those of 
ganglionic elements. The ganglionic bodies are, as a rule, mul- 
tipolar. In those of the frog the central axis-cylinder was found 
to be surrounded by a delicate spiral fiber (Beale), which is also 
considered to be an offshoot of the ganglionic element. J. Arnold 
claims that the straight central fiber comes from the nucleolus of 
the ganglionic body, while the spiral fiber originates from its 
periphery. All these assertions have been contradicted, and need 
further proof before they can be received. 
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, 2. Nerves. 

Nerves are thread-like formations of bioplasson connecting 
the nerve-centers with the periphery of the body. They are 
of two kinds: first, those endowed with a myeline investment, 



L, longitudinal, transverse section of tlie bundle ; PE, external perineuiiuiii ; PI, 
internal perineurium; ML, myeline investment; A, axis-cylinder; M, transverse sections of 
muscle-fibers. Magnified GOO diameters. 

the meduUated or white nerves; and secondly, those which 
are without a myeline investment, the non-mediiUated or gray 
nerves. 
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(a) MeduUated JSFerves. These compose the white substance 
of the brain and of the spinal cord, and all the nerves springing' 
from the brain and the spinal cord, with the exception of the 
olfactory and auditory nerves. They invariably run their whole 
course without branching. The constituent parts of mednllated 
nerves are best studied in specimens where, owing to a wavy 
course of the nerves, the razor in cutting produces alternately 
longitudinal and transverse sections. (See Fig. 124.) 

We see that each nerve-bundle is made up of a varying number 
of fibers. The bundle is surrounded by a somewhat broader layer 
of fibrous connective tissue, the external perineiirmm, from w'hich 
arise delicate membranes of connective tissue, ensheathing each 
single fiber ; this formation has received the name of the internal 
perineurium. Both the external and internal perineurium are 
provided with a large number of blood-vessels. Next, there is a 
delicate hyaline layer with distinct nuclei, the myeline sJieatli, or 
sheath of Schwann. This sheath incloses a layer of a semi-fluid 
fatty substance, the myeline or nerve-fat, or the white substance 
of Schwann. At comparatively regular intervals the myeline 
investment is traversed, according to L. Eanvier, by transverse 
septa, which he found to be in connection with the axis-cylinder 
sheath (Mauthner), and closely related to the development of 
the medullated nerves. The myeline investment is separated 
from the central axis-cylinder by a delicate hyaline sheath, the 
axis-cylinder sheath (Mauthner). This incloses the central axis- 
cylinder, which may be either round or oblong, and is the con- 
ducting part of the nerve-fiber. In transverse sections this is 
easily recognized from its bright, almost homogeneous, appear- 
ance, while in longitudinal sections it is invisible if the myeline 
be present, and only faintly visible if the myeline be absent. 
Not infrequently we find two axis-cylinders in one nerve-fiber. 
Together with the large medullated nerve-fibers in the same 
bundles there are sometimes found fibers without and also fibers 
with a very delicate myeline investment. The latter formations 
probably belong to the sympathetic system. 

The myeline is a fatty substance, differing from ordinary fat, 
however, in both its optical and chemical characteristics. From 
the fact that a delicate reticulum is still preserved in the space 
between the sheaths of the myeline and that of the axis-cylinder 
(see Fig. 123), and from the fact that fat is a product of living 
matter, we may conclude that the myeline is, perhaps, produced 
from only a part of the living matter, while the other part 
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remains imchaiiged in the shape of a reticiilnm, or, still more 
probably, the myeline originates in a manner different from that 
of fat — viz., from the lifeless liquid contained in the meshes of 
bioplasson. In specimens of medullated nerve-fibers the myeline 
is often found exuded from the nerves in the form of numerous 
slightly refracting formations with a concentric striation, which 
is evidently caused by a slow oozing and aggregation of the 
myeline. (See Fig. 125.) 



Fig. 125. — Myeline Drops, Oozed Out prom the 
Optic Nerve op a Bull. 

V, Inindle of meilnllated nerve-fiber.s ; M, myeline drops ; F, fat-grannlcs. Magnified 
400 diameters. 


By staining fresh, medullated nerve-fibers with a solution of nitrate of sil- 
ver, the bundle was found to be covered by an endothelial coat. Each fiber 
exhibits a series of marks, which correspond to the “ annular constriction ” of 
Ranvier. The axis-cylinder at the point of constriction exhibits a number of 
dark brown transverse lines (Frommann). Between every two constrictions 
a transverse bar has been found, of a biconical shape, through the broadest 
portion of which the axis-cylinder passes. Ranvier concludes from these 
facts that each section of the nerve-fiber is a unit, a tubular cell, filled with 
myeline, like a fat-globule, which he terms the interannular segment, with an 
oblong nucleus in its investing membrane. The axis-cylinder, according to 
this author, pierces a series of interannular segments without interruption ; 
while Engelmann, on the other hand, claims that each interannular con- 
striction corresponds to an interruption of the axis-cylinder. This latter 
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assertion is contrary to onr ideas of nerve action and so is the assertion of 
other histologists, that the axis-cylinder is a fluid. 


In peripheral formations of connective tissue — f. i., in the 
female breast, the derma of the skin, etc. — we often encounter 
single medullated nerve-fibers, exhibiting the characteristic feat- 
ures just described. Their double contour is due to the presence 
of the myeline sheath, and not to the refraction of the myeline, 
for the double contour is visible even when the myeline is absent. 
The fiuted appearance of medullated nerve-fibers is partly due to 



Fig. 126. — Medullated Neeve-pibeks op the Female Breast. 


N, iierve-liLers ; C, capillary blood-vessels ; F, fat-globule with vacuoles. Magnified GOO 
diameters. 


the presence of the oblong nuclei in the myeline sheath, and 
partly to constrictions along the course of the nerve-fiber, to the 
Xmesence of which Remak, and recently Schmidt, drew attention, 
the nature of which is not yet understood. All these features 
are marked characteristics of medullated nerve-fibers, in contra- 
(bstinction to those of capillary blood-vessels. (See Fig. 126.) 

In nerve-bundles no ramification of the fibers takes place, but 
as they approach the periphery, either motor or sensitive, they 
branch very freely, and one fiber often splits into a number 
of slightly thinned branches. 
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(J)J Non-meduUated Nerves. These nerves have the appearance 
of being bare axis-cylinders, destitute of a myelin e investment. 
There are comparatively broad so-called Remakes fibers (1838), 
in large numbers, in the sympathetic apd in the cranial portions 
of the olfactory and auditory nerves. These fibers exhibit on 
their surface a number of oblong nuclei, and they have often a 
delicate sheath, kindred to the axis-cylinder sheath of medullated 
nerve-fibers, to which, probably, the nuclei belong. These 
nerves are described as indistinctly fibrillar in structure, and 
at certain intervals showing clusters of small, bead-like forma- 
tions, giving rise to the so-called necklace appearance. All 
nerves in the earliest stages of embryonal development are non- 
medullated. 

Besides these broad non-medullated nerve-fibers, there are 
others which are narrower, scattered throughout the gray sub- 
stance of the brain and of the spinal cord. They run in bundles 
with the medullated nerve-fibers, and also with nerves of the 
sympathetic system. Such fibers, which are bare axis-cylinders, 
represent the origin of all nerve-fibers, even of the medullated, in 
the gray substance. In many instances, the medullated fibers 
become again non-medullated upon approaching the periphery of 
the body. 

With high amplifications of the microscope, some of the larger 
non-medullated nerve-fibers show distinctly a delicate reticular 
structure. Others exhibit a number of minute vacuoles in their 
interior; still others, and these are the finest nerve-fibers, have 
a homogeneous appearance and give no evidence of structure, 
(See Fig. 127.) 

Many of the finest non-medullated nerve-fibers show oblong, 
varicose enlargements along their course, and bear the name of 
varicose nerve-fibers. The varicosities are certainly not post-mor- 
tem appearances, as they are visible in the perfectly fresh condi- 
tion of nerve-specimens, as stated above. 


3, Terminations of Nerves. 

The manner in which the ultimate nerve filaments terminate 
in the tissues and at the periphery of the body is known only in 
part. There are two varieties, either terminations of medul- 
lated nerves as such, or terminations of non-medullated nerves. 
The latter are either continuations of originally medullated 
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nerves, which have become destitute of their myeline investment 
upon approaching the periphery, or they are non-mednllated, 
sympathetic nerve-fibers. 

(a) Termination of Medullated Nerve-fibers. 

The motor Mil of nerves controlling the action of muscles (see 
chapter on muscle tissue). 

The tactile corpuscles of Merltel in the web of the feet of 
water-birds, in the trnuk of the -pig, etc. These are finely granu- 
lar, distinctly nucleated, globular bodies, into which the axis- 
cylinder penetrates, and which are located in the upper layers of 
the derma or in the epithelium — f. i., in that of the external root- 
sheath of the tactile hairs. Sometimes two or more such corpus- 
cles are attached to the meduUated nerve-fiber. 

The tactile corpuscles of Meissner or Wagner are present in the 
papillae of the derma of the skin, often below the level of the 



Fig. 127. — Medullateu and Non-medullated Nerve-fibers 
FROM THE Retina of a Bull. 


N*, myeline slieath, with ohloug nuclei and ( Si) transverse septa. The myeline oozed out. 
A”, non-mednllated nerve-lihers, with varicose enlargements. Magnilled 600 diameters. 

papillae, and especially numerous in the tips of the fingers and 
toes. These are ovoid or globular formations, with transverse or 
spiral striations and oblong nuclei arranged in the direction of 
the striations. One or more meduUated nerve-fibers enter the 
corpuscle at one pole. Sometimes two or more such corpuscles 
are clustered together j but the way in which the termination of 
the axis-cyUnder is effected is unknown. 

The bulbs of Krause are found in the conjunctiva, in the 
mucous membrane of the floor of the mouth and of the lips, of 
the soft palate and the tongue, in the glans penis and in the cli- 
toris. They are ovoid or mulberry-shaped bodies, in which the 
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axis-cylinder terminates as a knob. Longwortb found them in 
some conjnnctivae, but not in all, and saw their interiors filled 
with nneleated corpuscles. Waldeyer eonsiders these bodies to 
be intermediate formations between the tactile and the Paeinian 
corpuscles. 

The corpuscles of Pacini (discovered by Vater in 1741) are 
found in the subcutaneous tissue of the nipple, the palm of the 
hand, and the labia majora, in the periosteum, the mesentery, 
especially along the branches of the sympathetic nerve, and in 
many other places. They are oval or pear-shaped bodies, com- 
posed of numerous concentric strata, exhibiting nuclei. The 
mednllated nerve-fiber upon entering this body becomes destitute 



Fig. 128. — Terminal Plexus op Non-medijllated Nerves, beneath 
THE Epithelial Layer op the Cornea op a Bull. 


N, iion-mednllatcd nerve-fibers, partly wltli a delicate reticular, partly with a lumpy, 
structure; G, ganglionic enlargement; E, columnar epithelia, in top view. Magnified 600 
diameters. 


of its myeline, and terminates in a knob or a chain of granules. 
Sometimes two nerve-fibers pass into the corpuscle. The signifi- 
canee of these formations is not understood. 

(h) Termination of JSfon-meduUated Nerve-fibers. The most 
common termination of nerve filaments is a plexus, in which, as 
a rule, ganglionic elements are found as nodular points of inter- 
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section. Such plexiform terminations are seen in different local- 
ities beneath the epithelia, in the submucous tissue, and in the 
connective tissue between the circular and longitudinal muscle- 
layers of the intestines. (See Fig. 128.) 

The plexus of Meissner is located in the submucous layer of 
the intestine, and exhibits distinct ganglionic enlargements (see 
chapter on alimentary canal). 

The plexus of AuerdacJi is found at the junction of the 
two muscle-layers of the intestine ; it contains nodular gan- 
glionic bodies with numerous nuclei (see chapter on alimentary 
canal). 

The axis-cylinders, near their terminations, divide into ex- 
tremely delicate axis-fihriU(B (M. Schultze), which are slender, 
beaded filaments, representing the bioplasson reticulum in an 
elongated direction. Their course in the cornea has been accu- 
rately studied by W. Hassloch (see page 175, Fig. 67). They enter 
a cornea-corpuscle and inosculate with its bioplasson reticulum, 
evidently in the same manner in which tliey originate in the cen- 
tral ganglionic element. Many fibrillee simply pass through one 
corpuscle and enter another ; fibrillas have been also traced into 
the bioplasson reticidum of the basis-substance. Terminations of 
this kind are found in different connective-tissue formations ) they 
are not permanent, but may occur from a temporary enlargement 
and elongation of reticular fibrillee connecting with former nerves. 
As they are bioplasson formations, they may disappear by falling 
back into the reticulum. 

The finest plexiform terminations of axis-fibrillse are observed 
in the walls of capillary blood-vessels, particularly in the cement- 
substance between the endothelia (W. Tomsa and others). Such 
plexus formations were found in the epithelia by Pfliiger, Langer- 
haus, and others, and it is still an unsettled question whether the 
nerves terminate in the cement-substance between the epithelia, 
or penetrate the epithelial bodies themselves. 

Peculiar epithelial formations are the gustatory buds 
(Schwalbe) and the olfactory cells (M. Schultze), the connection 
of which with nerve-fibers, however, is still a disputed point. 
Very complicated formations are those of Cortfis organ and of 
the retina. The plates, the “ hair-cells,” the rods and cones are 
well known, but how the nerves connect with these is unsettled. 
In the light of the bioplasson theory we may, at a time not far 
distant, hope for new discoveries and new views. 
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Development op Nervous Tissue. 

Very little is known in regard to the development of the nerve- 
centers and the nerves. All observers adhere to the idea that the 
nerve-centers are products of the outer or horny embryonal layer, 
the epiblast. According to general biological views, this cannot 
be correct. The nerves, being so closely allied to connective 
tissue, are offspring developments from the middle embryonal 
layer, the mesoblast. L. Unger* maintains that the medullated 
nerve-fibers of the brain arise from radiating tracts, in which the 
cells are arranged in columns ; these columns first have a retic- 
ular appearance and an investing membrane. He claims that 
the reticulum of the myehne layer is produced earlier than the 
axis-cylinder ; that connective tissue and nerve- tissue may arise 
from one and the same cell, and that nerve-fibers or axis-cylinders 
may come from certain portions of the reticulum. 



Fig. 129. — Brain of a Human Embryo, Five Weeks Old. 

I 

A*, graj^ substance with numerous imolei ; A, axis-cylimiors ; C, capillary blood-vessels. 
Maguifled 600 diameters. 

My own observations prove that the brain of a human embryo 
five weeks old is composed of a bioplasson reticulum, whose 
points of intersection with low powers appear to consist of gran- 
ules. In this reticular mass numerous nuclei are imbedded, and 
tracts of axis-cylinders laid before even a trace of a medullated 
nerve can be demonstrated. (See Fig. 129.) 

This shows that the development of the nerves can never be 
understood in accordance with the cell theory, inasmuch as there 

* “ Untersuchimgen iiber die Entwicklung der centralen Nervengewebe.” 
Sitziingsber. d. Wiener Akad. d. Wissensoh, 1879. 
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is nothing to support the assumption that nervous tissue origi- 
nates from cells.” Unquestionably, there are large masses of re- 
ticular hioplasson in which by a growth of living matter, chiefly 
in one direction, axis-fibrillge originate, while the medullary 
investment is a much later formation. At first there is no trace 
of ganglionic elements. We know that these elements make their 
appearance only after the third month of intrauterine life. The 
motor elements of the spinal cord particularly are first observed 
during the third and fourth months, corresponding to the time 
when the embryo begins to manifest signs of life. Further, the 
ganghonic elements cannot arise from cells, as they are no cells^ 
but from portions of living matter arranged in clusters, in which 
all the plastids remain interconnected. This mode of development 
is indicated by the infiammatory changes of the ganglionic ele- 
ments, when they return to their embryonal condition. 

In the human embryo two months old, the intervertebral 
ganglion is composed of medullary tissue, with relatively large 
fields of myxomatous basis- substance. The nerves are non- 
medullated, which proves that the myeline investment must be 
formed at a later period than the axis-cylinder. (See Fig. 130.) 

For a successful investigation of the development of nerv- 
ous tissue the recognition of two points is, in my opinion, of 
fundamental importance — viz. : first, that the nervous sys- 
tem is a formation originating in the middle embryonal 
layer ; and second, that no isolated “ cells” take part in the pro- 
duction of nervous tissue. With the knowledge of these facts, 
we can understand that in an elongated group of intercon- 
nected plastids the central portion may remain unchanged 
living matter, the axis-cylinder j while a more peripheral por- 
tion may become reticular (horny?) and infiltrated with mye- 
line as a kind of basis-substance, and that the most peripheral 
portion, by a solidification of the hioplasson liquid, may be trans- 
formed into the myeline sheath with a nucleus, in about the same 
manner as a fat-globule arises from myxomatous connective 
tissue. 

Methods for the Preparation op Nerve-tissue. 

Successful examination of the nerve-tissue depends on a suit- 
able mode of preservation. Teasing, tearing, pulling, and making 
specimens “ half dry ” are methods unworthy of being named. 

Small pieces of the brain or the spinal cord should be placed 
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in a dark wiiie-yellow solntion of bichromate of potash, or in 
Muller’s fluid. Either of these liquids should be greatly in 
excess compared with the bulk of the specimens. They will 
preserve the nerve-tissue, if changed every fourth or fifth day, 
or until the liquid remains clear. The hardening can be accom- 
plished afterward by alcohol or a very weak (one-fifth to one- 
tenth per cent.) solution of chromic acid. A slight excess of 
chromic acid will soon render the nerve-tissue brittle and not 
suitable for sections. 



Fig. 130 . — Intervertebral Ganglion op a Human Embryo, 

Eight Weeks Old. 

O, partly solid, partly nucleated, plastids ; N, nerve-fibers, not yetinedullated ; M, delicate 
myxomatous connective tissue ; B, capillary blood-vessel, cut t^a^8verselJ^ Magnified 600 
•diameters. 

Sections made with razor, or other cutters, are alone appro- 
priate, in my opinion, for study of this tissue. The teasing of 
the tissue, which is unavoidable even with this mode of prepara- 
tion, is the only teasing allowable, and may sometimes show 
noteworthy characters. The thinness of the section is its main 
value. By mounting in dilute glycerine the details will be 
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brought to view in a manner far surpassing specimens mounted 
in balsam. 

Osmic acid (see page 9) may be used successfully. The most 
important of our present re- agents is the one-half per cent, solu- 
tion of gold, by means of which J. Cohnheim * first succeeded in 
clearing up the termination of nerves in the epithelia of the 
cornea. From twenty to forty minutes’ exposure to this solution 
renders all bioplasson formations distinct, although the speci- 
mens after five or six years become worthless, as they grow too 
dark for study. Treatment with acetic, lactic, tartaric, and 
formic acids assists the action of the gold-salt ; but the proper 
use of these acids can be learned only by experience. 


Analysis op Bioplasson in its Eelations to Nerve-action. 

Thoughtful minds for a number of years have anticipated the modern 
views concerning the function of the nervous system. I quote from L. 
Elsberg (1. c., see page 185) the following historical data: 

“According to Drysdale,t Dr. John Fletcher, of Edinburgh, was the first t 
who clearly abandoned the idea that the material elements of an organism 
require the addition ‘ of an immaterial or spiritual essence, substance, or 
power, general or local, whose presence is the efficient cause of life,’ and who 
arrived at the conclusion that ‘ it is only in virtue of a specially living matter, 
universally diffused and intimately interwoven with its texture, that any 
tissue or part possesses vitality.’ He denied vitality to any gaseous or purely 
liquid fluid, and any hard or rigid solid ; and thought the only truly living 
matter consisted ‘ of the gray matter of the ganglionic nerves, which he held 
to be universally diffused, and the gray matter of the brain and spinal mar- 
row.’ He described it as a ^nitrogenous, pulpy, translucent, homogeneous 
matter, yielding, after death, fibrin.’ ‘ Chemical analysis, accordingly, must 
be considered as useful in showing us, not what such matter was composed of 
while it possessed vitality, but what it is composed of afterward.^ ‘Not only 
is every vital action traced to molecular change, and to consumption and 
regeneration of this structureless, semi-fluid matter, combined in a way 
entirely sui generis, but the initiation of these changes is brought by Fletcher 
into absolute dependence on stimuli, and all spontaneity or autonomy is 
denied to matter in the living just as in the dead state.’ 

“As Fletcher’s work was published in 1835, several years before even 
the establishment of the cell-doctrine, we cannot but agree so far with Drys- 
dale as to say that Fletcher has framed a ‘hypothesis of the anatomical 
nature of the living matter which anticipates in a remarkable manner ’ its 
discovery! In 1850, Cohn§ recognized the protoplasm ‘as the contractile 

* Virchow’s Archiv, Bd. 38. 

t “The Protoplasmic Theory of Life,” London, 1874. 

t “ Rudiments of Pliysiology,” Edinburgh, 1835. 

? “Nachtrage zur Naturgeschichte des Protococcns pluvialis.” Nova acta Acad. Leop.- 
Carol., vol. xxii.. part l., p. 605. 
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element, and as wliat gives to the zoospore the faculty of altering its figure 
without any corresponding change in volume.’ He concludes that protoplasm 
‘ must he regarded as the prime seat of almost all vital activity, but especially 
of all the motile phenomena in the interior of the cell.’ In 1853, Huxley* 
said; ‘Vitality — the faculty, that is, of exhibiting definite cycles of change in 
form and composition — is a property inherent in certain kinds of matter.’ In 
1855, Unger t thought that ‘ the proximate cause of the movements of the sap 
in the cells is to be sought neither in diosmosis, nor in the action of the 
nuclear vesicle, nor in any mechanical contrivance, such as cilia, but it 
lies rather in the constitution of the self-moving protoplasm, which, as an 
especially nitrogenous body of the nature of that simple contractile animal 
substance called sarcode, produces the rhythmically advancing contraction 
and expansion.’ 

“In 1856, Lord S. G. Osborne discovered carmine staining, and distin- 
guished, by means of coloring it, the living formative matter from the formed 
material — a means which has borne important fruits in the discovery of Cohn- 
heim’s staining of living matter by gold chloride, and in that of Eeckling- 
hausen’s staining all except living matter by silver nitrate. 

“In 1858, and in a number of later articles, t Max Schultze, by showing 
that, as had been hypothetically supposed by Unger, the movements of the 
pseudopodia and the granules are really produced by active contractile move- 
ments of the protoplasm, and by other observations, contributed much to the 
establishment of the theory of living matter. Haeckel has also for many 
years, and in various publications, § labored to maintain and extend the same 
theory, of which he thus expresses himself : || ‘ The protoplasm or sarcode 
theory, that is . . . that this albuminous material is the original active sub- 
stratum of all vital phenomena, may, perhaps, be considered one of the greatest 
achievements of modern biology, and one of the richest in results.’ And says 
Drysdale : H ‘If the grand theory of the one true living matter was, as we have 
seen, hypothetically advanced by Fletcher, yet the merit of the discovery of 
the actual anatomical representation of it belongs to Beale, in accordance 
with the usual and right award of the title of discoverer to him alone who 
demonstrates truths by proof and fact. . . . The cardinal point in the theory 
of Hr. Beale is not the destruction of the completeness of the cell of Schwann 
as the elementary unit, for that was already accomplished by others. . . . 

But that, from the earliest visible speck of germ up to the last moment of life, 
in every living thing, plant, animal, and protist, the attribute of life is 
restricted to one anatomical element alone, and this homogeneous and struct- 

* “ Review of the Cell-theory.” British and Foreign Medico-Chirurg. Review, October, 
1863. 

t “ Anatomie uud Physiologie tier Pflanzen,” 1855, pp. 280, 282. 

t“lJeber innere Bewegungs.Erscheinungen bei Diatoineeu,” Muller’s Archiv, 1858, 
1 ). 330; “Ueber Cornuspira,” Archiv f. Naturgescli., 1860, p. 287; “Ueber Muskelkor- 
perchen uiid das was man eiiie Zelle zu neimeu liabe,” Reichert und Du Bois-Reymoud’s 
Archiv, 1861, p. 1; “Das Protoplasma der Rhizopoden uud der Pilanzeuzelleu,” Leipzig, 
1863. 

5 “ Monographie der Radiolarien,” 1862, pp. 89, 116; “Ueber den Sarcodekorper der 
Rhizopoden,” Zeitsch. f. Wissensch. Zoologie, 1866, p. 342; “Generelie Morphologie,” vol. i. 
PI). 269, 289. 

II “ Monograpliie der Moneren,” Jenaische Zeitschft. f. Medicin uud Naturwissenschaft. 
1868, iv. 1 ; translation in Quarterly Journal of Microscopical Science, London, 1869, vol. ix., 
p. 223. 

H Loc. cit, p. 42, et seq. 
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ureless ; while all the rest of the infinite variety of strnctnre and composition, 
solid and fluid, which make up living beings, is merely passive and lifeless 
fonned material. This distinction into only two radically different kinds of 
matter — viz. : the living or germinal matter and the formed material — gives 
the clue whereby he clears up the confusion into which the cell-doctrine had 
fallen, and gives the point of departui-e for the theory of innate independent 
life of each part, which the cell-theory had aimed at but failed to make good. 
The one true and only living matter — called by Beale germinal matter, or 
bioplasm — is described as “ always transparent and colorless, and, as far as 
can be ascertained by examination with the highest powers, perfectly struct- 
ureless, and it exhibits those same characters at every period of its existence.” 
. . . The living matter of Beale corresponds to the following histological 
elements of other authors : The viscid nitrogenous substance within the pri- 
mordial utricle, called by Von Mohl protoplasm ; the primordial utricle itself, in 
Naegeli’s sense of that term — viz. : the layer of protoplasm next the cell-wall ; 
the transparent semi-fluid matter occupying the spaces and intervals between 
the threads and walls of those spaces formed by the so-called vacuolation of 
protoplasmic masses ; the greater part of the sarcode of the monera, rhizo- 
poda, and other low organisms ; the white blood-corpuscles, pus-corpuscles, 
and other naked wandering masses of living matter ; the so-called nucleus of 
the secreting cells, and of the tissues of the higher animals, and many plant- 
cells ; the nuclei of the cells of the gray matter of the brain, spinal marrow, 
and ganglions, and the nuclei of nerve-fibers. The term of true living or germ- 
inal matter can never be given to the following parts, although to some of 
them the word protoplasm has been erroneously applied — viz. : the cell-wall 
of plants or animals, however delicate or gelatinous ; the threads or filaments 
and walls of the vacuoles within protoplasmic masses or cells ; the wall of the 
primordial utricle; the true fibrous, connective, elastic, bony, or other tissues 
generally included among the living parts of animals ; even the proper con- 
tractile fiber of the muscles, the radiating fibers of the caudate nerve-cells, 
and the outer coat of those cells, besides the nerve-fibers in general ; the hard 
parts of epithelial cells, and all liquid secretions ; the cilia ; the tissue of 
cuticle, hair, nails, horn, and all analogous parts in plants ; the granules in 
sarcode ; all coloring matter ; and, lastly, all pabulum, including the fluid 
part of blood, lymph, and chyle, and corresponding matters in plants. In 
short, the name of bioplasm, given by Beale, or protoplasm (in a restricted 
sense, as it will probably be ultimately accepted by biologists), as indicating 
the ideal living matter, cannot be given to any substance displaying rigidity 
in any degree, from the softest gelatinous membrane up to the hardest teeth- 
enamel; nor to anything exhibiting a trace of structure to the finest micro- 
scope ; nor to any liquid ; nor to any substance capable of true solution. 
Thus, “ nothing that lives is alive in every part,” but as long as any individ- 
ual part or tissue is properly called living, it is only so in virtue of particles of 
the above-described protoplasm freely distributed among or interwoven with 
the textures so closely that there is scarcely any part one five-hundredth of an 
inch in size but contains its portion of protoplasm. Thus we see realized the 
hypothesis of Fletcher — that all living action is performed solely by virtue of 
portions of irritable or living matter interwoven with the otherwise dead text- 
ures. According to Beale, “ of the matter which constitutes the bodies of 
men and animals in the fully formed condition, probably more than four-fifths 
are in the formed and non-living state. All this was, however, living at an 


308 


NEBVE-TIS8UE. 


earlier period of existence.” This is on an average, for some tissues contain 
much less living matter; the hones, for example, only one-twentieth, and 
some textures, when old, not more than one-hundredth.’ 

“I have made this long quotation from Drysdale’s hook, because I am 
anxious to do full justice to Beale, and I could not find a statement of his 
views so succinct for quotation in his own writing. The objection, however, 
urged by Bastian to Beale is so very pertinent that it must also find a place 
here, but I shall not dwell upon other points on which Beale differs from the 
bioplasson doctrine ; such as that living matter exhibits the same characters 
at every period of its existence, and that it is always perfectly structureless. 
‘ It has always appeared to me,’ says Bastian,* ‘ to be a very fundamental 
objection to his theory, that so many of the most characteristically vital 
phenomena of the higher animals should take place through the agency of 
tissues — muscle and nerve, for instance — by far the greater part of the bulk 
of which would, in accordance with Dr. Beale’s view, have to be considered 
as dead and inert.’” 

Meynert’s view — that the cortex of the brain is a mirror, on which, by means 
of the conducting nerves, impressions from the outer world are projected — has 
in late years decidedly gained ground. He found that the nerves of the 
special senses go to special convolutions of the cortex of the brain, and that 
from other convolutions arise nerves which control muscle action. Hitzig 
was the first who discovered points in the cortex of the brain of the cat, 
which, upon being stimulated by electricity, produced regularly recurring 
motions in the extremities. Later, Perrier and Munk demonstrated in the 
brain of apes the isolation of special sensory perception and of muscular move- 
ments, usually subject to the will. Their experiments confirm the anatomical 
premise of Meynert in its general bearings. It was found that, by cutting 
away a certain part of the brain of these animals, blindness would result, 
while the removal of another part was followed by deafness, and of still 
another by paralysis. If the latter parts, instead of being removed, were 
stimulated by electricity, special motions followed, as if they were produced 
by the will of the animal. These observers found the keys of the mind of the 
animal in the gray substance of the convolutions of the brain, and, by touching 
a special key, could simulate the expression of the animal’s feelings. 

Pathological processes in the brain have greatly aided in corroborating the 
localized nature of sensory and motor functions. Meynert especially pointed 
out the center of speech by the study of aphasia, which is a loss of the power to 
pronounce certain words. This center is in the Reil’s island, with the claustrtim 
outside the third member of the lenticular nucleus. Meynert pointed out, in a 
series of careful researches, that the claustrum is a component part of the cortex 
of the island, the cortex around the fossa Sylvii, and the posterior orbital con- 
volution. It represents the fifth layer of the cortical structure, which is more 
than usually developed and serves for a broad connection with other territories 
of the cerebral cortex. The connection of the claustrum with an auditory 
bundle renders the walls of the fossa Sylvii a field for sound, while the connec- 
tion of the claustrum with the fibrous systems of the medulla of the island of 
Reil and the external capsule of the lenticular nucleus renders this field of 
sound a central organ of speech. Aphasia depends on a destruction or a 


* “The Begiiniiiigs of Life: being some account of the Nature, Modes of Origin, and 
Transformations of Lower Organisms.” London, 1872, vol. i., p. 165. 
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compared 

formation 


Fig. 131.— 


Diagram of Nerve Conduction. 


yiG, motor ganglionic element; SQ, aensitive ganglionic element; G, offshoot to the gray- 
substance of the spinal cord; B, offshoot to tlie gray substance of the brain; GO, offshoot 
to analogous ganglionic elements for coordinate sensation and motion; AG, axis-cylinder, 
transformed into MN, a medullated nerve-liber ; CC, cornea corpuscle in connection with 
the sensitive ganglionic element ; iff, striped muscle, with iffif, the motor hill, in connection 
with the motor ganglionic element. 


of motor ganglionic elements in the spinal cord, would also indicate that every 
group of muscles has, to a certain extent, independent centers in the gray 
substance. 
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The hypothesis becomes, perhaps, admissible that all we call positive 
concrete knowledge — f. i., 1, 2, 3, etc., or a, i, c, etc., primarily gained by 
sense impressions — is localized in special ganglionic elements, while abstract 
or general nervous activity rests in the diffused, nucleated portions of the 
gray substance between the ganglionic elements. Such diffused activities 
are : hope, fear, imagination, dreaming, etc. The increase of knowledge 
throughout life would mean that there was a corresponding new formation of 
ganglionic elements. Intelligence could depend chiefly upon the number 
of these elements, and their number could be increased by education and by 
learning. Memory could be based on the grouping of bioplasson particles, 
which at certain times might be brought into motion, and again might return 
to relative rest. 

Nervous action, perhaps, depends entirely upon a contraction of the bio- 
plasson reticulum. Should such a contraction be induced on the periphery 
of the body, it would be conveyed to the center, and recognized as pain ; if, 
on the contrary, contraction start in the center and be conducted to the 
periphery, it would result in muscular movement. From this point of view 
the designation of sensitive and motor nerves becomes superfluous, for 
experiments have already proved that the same nerve can at one time be a 
sensitive, at another time a motor, conductor. We need only assume sensitive 
and motor stations in the centers, in connection with each other. What the 
motor agent is which causes movement in the bioplasson reticulum of the 
central organ, as well as throughout the whole organism, we do not know, 
and consequently are at liberty to give it any name. As regards the spinal 
cord, the nerve action seems to be sufficiently plain. (See Fig. 131.) 

Eeflex action, coordinate sensation, motion, and conduction from and to 
the brain take place in separate routes, which must be in connection with 
the sensitive and motor ganglionic elements by means of offshoots. The 
multipolar form of these bodies, perhaps, may be accounted for in this way. 


X. 

EPITHELIAL AND ENDOTHELIAL TISSUE. 


T he ideas concerning the character of epithelinm and endo- 
thelium, as presented here, are widely different from the 
opinions usually held upon this subject. The light of the bio- 
plasson theory has been brought to bear upon a subject hitherto 
but little understood. All the views here advanced have been 
taught by me in my laboratory for over seven years, and these 
views were in part pubhshed in 1878.* 

Definition. A single living plastid, — for instance, an amoeba, 
a colorless blood-corpuscle, or a pns-corpuscle, — with high mag- 
nifying powers of the microscope, exhibits a delicate, net-like 
structure, both within the nucleus and in the surrounding body. 
The body is inclosed by an extremely thin, shining, homogeneous 
layer, and a layer of this kind always lines the vacuoles seen, 
temporarily or permanently, in a creeping plastid. The net-work 
of the body inosculates with both the peripheral layer and that 
inclosing a vacuole. The reticulum of the nucleus, its surround- 
ing envelope — the net- work of the plastid, the covering and 
lining layers, both of the body and its vacuoles, are formations 
of living matter, the active contraction and passive extension of 
which cause locomotion and all changes of form during the life 
of the plastid. 

In the germinal disk of the more highly developed animals, 
which arises from two symmetrical halves of the impregnated 

* ‘‘Epithelium and its Performances.” A paper read before the American 
Dermatological Association, at their meeting in Saratoga, August 27, 1878. 
Published in abstract. N'ew YorTc MedicalJournal, 1878. 
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germ, indicative of the symmetrical halves of the future organ- 
ism, three layers are recognized. The so-called mesoblast, the 
layer which forms the main hulk of the germinal disk, is covered 
on its outer surface by a thin layer of flattened plastids, termed 
the epiblast ; the under surface of the mesoblast is also covered 
by a similar layer, which is termed the hypoblast. In the meso- 
blast the first-formed vacuole, the future heart, is lined by a thin, 
continuous layer, which is connected with all surrounding plas- 
tids by means of delicate filaments. According to our ideas, the 
mesoblast must give rise to the principal part of the organism, 
composed of connective tissue, of muscles, and of nerves. The 
nerve-layer is closely attached to the epiblast, and this is the 
reason that, since Remak’s time, it has been considered a forma- 
tion of the epiblast. Such a conception, however, cannot be 
correct, as the nervous system is largely intermixed with con- 
nective tissue, carrying blood-vessels, and these latter for- 
mations never appear in the derivations of the epiblast and 
hypoblast — i. e., the epithelia. The thin layer around the first- 
formed vacuole is the representative of all the future hning 
investing layers of closed cavities, and furnishes in the devel- 
oped organism the tissue termed endothelium. 

All formations in a highly developed animal body which are 
analogous to the outer or covering layer of a single plastid — that 
is, those which cover the external surface of the body and line all 
the inner cavities in direct or indirect connection with the outer 
surface — are termed epithelia. Formations, on the contrary, which 
are analogous to the wall of a closed vacuole of a single plastid, 
bear the name of endothelia. Epithelia are found : On the outer sur- 
face of the hocly, the skin and its appendages : the hairs, nails, seba- 
ceous, sudoriparous, and mammary glands ; the crystalline lens 
of the eye ; in the system known as the gastro-intestinal tract and 
its prolongations, the mucous and salivary, pepsine and intestinal 
glands, and the hver; in the cavity of Uiio, respiratory tract audits 
mucous glands ; and in the ca\dties and canals of the genito-urinary 
tract, including all its prolongations into the kidneys and the 
genital glands. Endothelia line the closed cavities of the sliull and 
the spine, all its covering membranes, and all ventricles in the 
brain and their prolongation into the spinal cord ; the cavities of 
the chest, both pleural and pericardial; the cavity of the peri- 
toneum ; all articulations, and all blood- and lymph-vessels, includ- 
ing the cavities of the heart. 

This distinction was first established by His, who, at the same 


EFITHELIAL ANB ENDOTHELIAL TISSUE. 


313 


time, maintained that the epithelia were an offspring of the epi- 
hlast and the hypoblast, while the endothelia were formations of 
the mesoblast, and closely allied to connective tissue. A perfect 
distinction between epithelia and endothelia, however, cannot 
be carried out for two reasons. First : The history of develop- 
ment and the scheme of a single plastid demonstrates that both 
epithelia and endothelia are originally flat layers of living matter,, 
which split up into plastids, the only difference between them 
being that the epithelial layer is on the surface of the body, while 
the endothelial layer lines closed cavities in the interior of the 
body. Secondly : There is a direct communication between epi- 
thelia and endothelia at the openings of the uterine tubes into 
the peritoneal cavity ; the epithelial formations of the ovaries are 
in no communication with the outer world ; the crystalline lens, 
which is in its nature a formation completely epithelial, is covered 
l3y the endothelium of the anterior and posterior chambers of the 
eyeball ; the epithelia of the liver join the endothelia of the capil- 
laries, and are in direct connection with them. Further, epithe- 
lia and endothelia are identical in their intimate structure. Again, 
there exist single epithelial layers in the body — f. i., those of the 
bile-ducts, the salivary glands, the uriniferous tubules; and, on the 
other hand, ciliated endothelium is also found in the ventricles of 
the brain and the central canal of the spinal cord, etc., etc. 

Epithelia and endothelia represent continuous investing layers 
of living matter. The former are the earliest formations in a 
develojnng body, after the stage of indifference introduced by the 
segmentation of the impregnated germ is passed. The latter are 
formations.! starting with the appearance of vacuoles in the middle 
layer of the germ^ thefuUire heart and vessels. Both epithelia and 
endothelia are devoid of blood-vessels and lymphatics. 

Structure. The epithelial and endothelial layers are con- 
structed of single polyhedral plastids, the formerly so-called 
“ epithelial and endothelial cells.” Each plastid is separated 
from its neighbors by a narrow cloak of a lifeless, horny cement- 
substance, which is closely allied to the basis-substance of the 
connective tissue, but is not glue-yielding. Concerning the chem- 
ical constitution of these substances nothing is determined. Un- 
der the microscope we can see only the lateral portions of the 
envelope, which has the appearance of a pale seam around each 
polyhedral body. (See Fig. 132.) 

The net-ivork of living matter within the plastids sends delicate 
conical offshoots through the cement-substance^ both in epithelia and 
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endothelia. These offshoots, up to the present time, were termed 
“ thorns of Max Schultze,” in honor of their discoverer. This 
observer, in 1864, described thorny or prickle cells in the epithelia 
of the conjunctiva, the lips, the tongue of children, which, on 
being isolated, exhibited rows of prickles, constituting the appear- 
ance of “ ridged cells.’’ He knew that the prickles were conical 
in shape, and in two adjoining epithelia so arranged as to resem- 
ble two cog-wheels, the teeth of which are pressed into each 
other, but expressed no positive opinion as to their significance. 
Later observers, though their number was very great, did not 
settle the question of the nature of the prickles. The only fact 
admitted by all was that the prickles were very marked in epi- 
thelia taken from localities which were subject to an irritation or 
inflammation. [In 1873, I declared the prickles to be formations 



Fig. 132. — Endothelial Investment of the Peritoneum of a 
' Chicken, Slightly Stained with Chloride of G-old. 

E, polyhedral eiidotlielia, separated from each other hy light rims of cement-suhstance, 
interconnected hy delicate .filaments ; SS, stomata in the cement-suhstance; EV, capillary 
hlood- vessel lined hy endothelia, seen in edge-view; BC, hlood-corpuscles. Magnified 600 
diameters. 

of living matter, traversing the rims of the cement-substance and 
interconnecting like bridges aU epithelial and endothelial bodies 
(see page 130). That the thorns are of universal occurrence in 
the cement-substance and formations of living matter, can be 
proved by different chemical re-agents and by the study of 
pathological conditions, such as inflammation, fatty degenera- 
tion, etc. In inflammation, and in certain tumors, an active new 
growth of living matter starts from these filaments, which leads 
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to the formation of inflammatory corpuscles, and also of new 
epithelia (see papilloma in chapter on tumors). 

One of the favorite subjects for the study of endothelium 
was the peritoneum. The same valuable re-agents which have 
been of so much service in elucidating the minute structure of the 
basis- substance of connective tissue, have also proved useful for 
the revelation of the structure of the cement-substance. These 
re-agents are the nitrate of silver and the chloride of gold. Von 
Recklinghausen had demonstrated that the cement-substance, 
under the influence of a one per cent, solution of nitrate of silver, 
becomes dark brown, and that in the endothelia of the lymph-sacs 
and that of the peritoneum circular openings appear, which lead 
into the lymphatics, and in a very short time admit of the absorp- 
tion of fine granules of carmine, aniline, etc., injected into the 



Fig. 133. — Endothelial Investment of the Peritoneum of a 
Chicken, Stained with Nitrate of Silver. 

K, knobs of small endothelia, along the blood-vessels ; V, capillary blood-vessels, coursing 
in C, the connective-tissue lasher of the i)eritoneum. Magnified 150 diameters. 

cavities. The so-called serous surfaces proved to be closed 
lymph-sacs, which are in an open communication with the 
lymph-vessels. It became known that the endothelia of the 
peritoneum are of varying sizes, and E. Klein demonstrated 
knob-like protrusions along the blood-vessels, connected with 
the growth of the endotheha. (See Fig. 133.) 

The two surfaces of the free peritoneal membranes — f. i., the 
omentum, the mesentery — exhibit endothelia differing in size. 
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the endothelia which directly cover the capillary blood-vessels 
being decidedly larger than those covering the delicate intersti- 
tial fibrous connective tissue. After staining with silver, solid 
dark brown, circular spots appear in the brown basis-substance, 
and are far more numerous in the endothelia between, than in 
those above blood-vessels ; or there are simple ring-like forma- 
tions, or light openings, surrounded by a wreath of small endo- 
thelia. The openings at the angles of the polyhedral bodies are 
termed stomata ; those in the middle of a brown line of cement- 
substance, stigmata, both being essentially identical — viz.: open- 
ings of the lymphatics. Similar formations were found also in the 
endothelial layer of capillary 
lymph- and blood-vessels, and 
J. Arnold drew attention to 
their largely increased num- 
ber in the blood-vessels of 
infiamed tissues, indicating 
an active emigration of color- 
less blood-corpuscles. 

In thin specimens of sil- 
ver-stained endotheba the 
dark brown cement-sub- 
stance is never smooth, but 
more or less fluted, and at 
regular intervals traversed 
by debcate light bnes, which 
unquestionably correspond 
with the ^Hhorns” or fila- 
ments not affected by the 
silver salt. (See Fig. 134.) 

The crystalline lens is 
known to be a formation of 
the horny germ-layer, the 
epiblast; it is, therefore, an 
epithelial structure, com- 
posed of flat ribbons, which 
are arranged in a peculiarly radiating and concentric manner. 
The peripheral ribbons are possessed of oblong nuclei. Debcate 
fringes have been noticed along the edges of torn ribbons of the 
lens, but their significance was not understood. They are the 
same formations as exist in all epitheba — viz.. Max Schnitzels 
thorns,” the connecting filaments of the ribbons. The reticular 


Fig. 134. — Endothelial Investment 
OF THE Peritoneum of a Pup, 
Stained with Nitrate of Silver. 

N, nuclei faintly Tisible in tlie enilotlielia ; C, 
(lark brown, interrupted lines of cement-sub- 
stance ; 80, stomata at the angles ; 81, stigmata 
in tbe middle of the brown lines. Magnified 600 
diameters. 
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structure is easily recognized in each ribbon, in both fresh speci- 
mens and those preserved in a solution of chloride of gold or 
chromic acid. The nature of the cement-substance between the 
ribbons is made apparent by treatment with a solution of nitrate 
of silver, which colors it dark brown, and at the same time leaves 
delicate, light, conical lines unstained, as is the case in all other 
formations of cement-substance. (See Fig. 135.) 

The connecting filaments in the cement-substance, owing to 
their extreme delicacy, are often imperceptible in fresh prepara- 
tions, and even in specimens preserved in chromic acid some- 
times only a delicate granulation is visible in their place. To 
render these filaments distinct, the staining with a one-half per 
cent, solution of chloride of gold must be resorted to. Epithelial 
formations ai-e, as a rule, very slowly colored by the gold-salt, as 
the ensheathing envelope of the cement-substance seems to inter- 



Fig. 135. — Ribbons of the Crystalline Lens of a Bullock. 

F, isolated nucleated ribbon of reticular structure, and with fringed edges ; C, two ribbons 
separated by the light cement-substance, interconnected by delicate conical filaments ; S, two 
ribbons, stained with nitrate of silver ; the cement-substance dark brown, i)ierced by light 
lines. Magnified 600 diameters. 

fere with the action of the re-agent on the bioplasson reticulum 
in the interior. But the conical filaments in the cement-sub- 
stance, if exposed to the re-agent for twenty to forty minutes, 
assume a violet color, and are rendered clearly visible. , 

The cloak of cement-substance is not of uniform hardness ; 
it is probably more liquid in some places than in others, as indi- 
cated by the observations of J. Arnold, who drove colored injec- 
tion liquids into the middle of the cement-substance. According 
to Thoma, an indigo-carmine solution being brought in repeated 
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small doses into the blood of a living frog will, after a short 
time, appear in the cement-snbstanee of columnar and different 
stratified epithelia, the latter themselves exhibiting no trace of the 
coloring matter. Excavations in the cement-snbstance seem to 
be a necessity for the process of nutrition of the epithelia. In 
inflammation the cement-snbstanee becomes liquefied, and there- 
upon admits of a free growth of the filaments and a coalescence 
of neighboring epitheha into multinuclear bioplasson masses. 
In the cement-substance of the epithelia of the liver there are 
regular tubular excavations, the bile-capillaries. 



F, flat epithelia in front view ; S, same in side view ; Cu, cuhoidal epitlielia ; Co, columnar 
epithelia in side view ; T, columnar epithelia in top view ; Ci, ciliated columnar epithelia ; B, 
hacillatcd columnar epithelia. 


Division. We distinguish mainly three varieties of epithelia — 
the flat, the cuboidal, and the columnar or cylindrical, the differ- 
ence depending upon the prevailing diameter. (See Fig. 136.) 

Flat epithelia exhibit a broad front surface, while in edge 
view they are spindle-shaped, because of the gradual narrowing 
from the middle portion, containing the nucleus, toward the 
periphery. The cuboidal epithelia derive their name from having 
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about the same diameter in all directions ; while the columnar 
epitheha are elongated in one direction — viz., that vertical to 
the subjacent connective tissue. The cement-substance com- 
pletely envelops the body of the epithelium. 

Columnar ejjitlielia have two sub-varieties — viz., ciliated epi- 
thelium, with moving, hair-like prolongations on the outer surface, 
and hacillated epithelium, provided with motionless, short, deli- 
cate rods, such as are found in the intestinal canal and the bile- 
ducts. 

Columnar, ciliated epithelia usually occur in single layers ; 
sometimes, however, the plastids inserted between the feet of the 
columnar epitheha are so numerous, and the wedged formations 
so regularly arranged, as to give the appearance of stratified 
columnar, ciliated epithelium — f, i., in the larynx, the trachea, 
the larger bronchi, the mucosa of the nasal cavities. The basis 
of the epithelial body — i. e., the broadest outer surface — is sup- 
plied with delicate bent hair-like formations, which, during life, 
and for a short time after the removal of the epithelia from the 
body, have a waving motion, in a direction corresponding to the 
concave side of the hairs. Max Schultze has observed that the 
cilia penetrate the investing shell of the cement-substance, and 
are visible in the interior of the epithelium. Th. Eimer and E. 
Klein have demonstrated that the cilia, penetrating the outer 
shell, are in connection with the net- work within the epithelium. 
This fact I can fully corroborate. It explains the motion of the 
cilia in a satisfactory manner. The reticulum during life is 
never in perfect rest, and as each hair is attached to the reticu- 
lum by its short arm, while the long arm projects freely, the 
horny cement-substance representing the fulcrum of the lever, 
a slight pull on the short arm must result in a marked extension 
of the free long arm. This excursion will be most evident in the 
direction of the concavity of the cilium, each one being slightly 
curved. It also becomes explicable why liquids, slightly stimu- 
lating the living matter, increase the motion of the hairs, and 
make them move actively, even after they have become appar- 
ently inert. This delicate motion in one main direction is of 
importance in carrying foreign bodies or secretions outward, aud 
other substances inward. The motion in the air passages — f. i., 
tending upward — will greatly assist in the elimination of mucus, 
which, collecting on the most sensitive portions of the larynx, 
the inner surface of the posterior wall, and the under surface of 
the vocal bauds, produces reflex action, such as hawking, cough- 
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ing, etc. The motion of the cilia, in the cavity of the uterus 
tending toward the mouths of the tubes, will assist the sperma- 
tozoids in reaching the ovum ; while the motion in the Fallopian 
tubes, leading downward, will carry the ovum into the cavity of 
the uterus. 

In man, ciliated epithelia are found in only a few localities. 
They exist in the respiratory portions of the nasal cavity; in 
the Eustachian tubes ; in the 
labyrinth (hair-cells) ; in the 
larynx, beginning from the ^ 
under surface of the epiglot- 
tis, with the exception of the ^ 
vocal bands ; in the trachea, 
the bronchi, and bronchioli ; 
also in the ejaculatory ducts 
and the vas deferens of the 
male, and in the uterus and 
the Fallopian tubes of the 
female. (See Fig. 137.) 

In lower animals, the cil-p 
iated epithelia and endothelia 
are far more abundant; in 
the frog, for example, they 
are present in the cavity of 
the throat, the pericardiac 
sac, etc. An easily accessible 
place for obtaining ciliated 
epithelia, exhibiting acute 
movements, is the seam of 
the mantle of the oyster. 

Open the valves, cut off a 
small portion from the most 
pigmented seam, transfer it 
to the slide with a small drop 
of the juice of the oyster, and cover with a very thin covering- 
glass. 

The feet of the columnar epithelia — that is, the extremities 
opposite the basis, and serving for attachment to the subjacent 
connective tissue — are sometimes blunt, sometimes very thin and 
curved, with bifurcations or indentations. The latter feature, 
especially in the juvenile condition of the epithelia, is due to 
the presence of relatively small, many-shaped plastids, which 



Fig. 137 . — Ciliated Columnar Epithe- 
lia, FROM THE Nasal Cavity of 
Man. 

E, row of columnar epithelia; J5?i, detached 
epithelia ; Pi, irregularly shaped plastids wedged 
in between the feet of the epithelia ; G, connective 
tissue, hounded toward the epithelia hy a light 
seam ; 8, the basement membrane. Above this a 
fiat layer of endothelia is visible. Magnified 500 
diameters. 
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appear partly homogeneous or partly nucleated, with offshoots. 
These indifferent corpuscles are evidently the starting material 
for newly growing epithelia. The connection of these wedged 
plastids in situ is accomplished by delicate filaments, which trav- 
erse the surrounding rims. The filaments themselves often 
increase in bulk and give rise to new epitheha. 

Ciliated endothelia are met with in the investment of the 
ventricles of the brain and their continuation, the central canal 
of the spinal cord, i. e., the so-called ependyma of Purkinje ; and 
also on the surface of the plexus choroidei of the pia mater. In 
children their presence is invariable, but in adults they are not 
found in every case. In the central canal of the spinal cord the 



Fig. 138 .— Central Canal of the Spinal Cord of a Child. 

Transverse Section. 

JE, wreath of ciliated endothelia, iii connection with the subjacent connective-tissue ; W, 
nerve-tihiTS of the anterior commissure ; W, white substance ; F, floor of the anterior longi- 
tudinal fissure, covered with flat endothelia. MagnUed 300 diameters. 

ciliated endothelia have a radiating arrangement, and in the 
posterior wall of the canal exhibit a gradual decrease in size 
toward the median line, where a slight fissure is observed. Etere 
the cement-substance between the endothelia and also their 
nuclei are, as a rule, but slightly marked, while the cement-layer 
at the base of the endothelial wreath is quite broad. (See Fig. 
138.) 

Single epithelial layers may exhibit any of the above-named forms 
fflaf cuboidal.f columnar) ; in the uriuiferons tubules, for instance, 
21 


322 EPITHELIAL ANB ENDOTHELIAL TISSUE. 

we find all varieties, according to the calibers of the tubules. 
Stratified epithelial layer.^ are composed of all the three forms. 
Such stratified epithelia are found : on the surface of the skin, 
the oral cavity, the throat, the cesophagus, and the lowest portion 
of the rectum ; also, in the lowest portion of the nasal cavities, on 
the upper surface of the epiglottis, on the vocal bands ; further 
in the vagina, the cervical portion of the uterus, the urethra, the 
bladder, the ureters, pelves, and calices of the kidneys ; lastly, on 
the conjunctiva, the outer surface of the cornea, the lachrymal 
ducts, the external auditory canal, the outer surface of the tym- 
panum, and the Eustachian tubes, at their mouths in the cavity 
of the throat. Wherever stratified epithelial formations occur, 
the flat variety invariably composes the outer layers j the cuboidal, 
the middle layers, and the columnar the lowest layer, nearest to 
the connective tissue. In places where two stratified epithelial 
layers come in contact, there is often found between them an 
apparently structureless layer, the horny or cuticular layer, so- 
called in contradistinction to the basement layers, which exist 
between epithelia and connective tissue. Cuticular formations 
are seen in many places between the layers of flat and cuboidal 
epithelia in the skin 5 quite regularly between the inner root-sheath 
and the hair, and between the inner and outer root-sheaths of the 
hair. The cement-substance in stratified epithelium is always 
marked and traversed by delicate filaments, especially plain in 
places which are the seats of slight irritation. (See Fig. 139.) 

The nuclei of the epithelia, particularly of the cuboidal, in thin 
sections are liable to drop out, leaving a vacuole. In the flat 
epithelia the nuclei and the body of the plastid are finely granu- 
lar — viz. : the living matter has decreased, and the horny sub- 
stance — a derivation from the bioplasson liquid — increased in 
amount. The nucleus, or the nucleolus, even in flat epithelia 
— f. i., of the oral cavity-^ may exhibit, under certain circum- 
stances, the characteristics of living matter (Strieker). The flat 
epithelia of the most external part of the skin and those of the 
nails and hairs become deprived of nuclei and of life, and are 
transformed into a dry, horny material. 

E. Heidenhain has drawn attention to the presence, in the 
interior of epithelia, especially kidney epithelia, of delicate, rod- 
like formations. Their significance will be spoken of in the 
chapter on the kidneys. 

The attachment of epithelia and endothelia to the connective 
tissue is either direct, by means of delicate filaments penetrating 
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the rim between the feet of the epithelia and the neighboring 
fibers of connective tissue ; or it is indirect, by means of an inter- 
vening basement layer. The latter is probably pervaded by a 
bioplasson reticulum (I have seen it in Bowman’s layer of the 
cornea of the cat), which inosculates with that of the epithelia. 
Basement layers, however, are not constant formations ; they are 
sometimes broad, sometimes narrow, and sometimes altogether 
absent, in one and the same organ in different persons. The 
outer surface of the basement membrane, in many instances, is 
found to be covered by a layer of flat, polyhedral bodies discov- 
ered by V. Czerny, by means of silver-staining. These bodies are 
classed among endothelia. 



Fig. 139 . — Stratified Epithelium op the Skin, Covering a Myxo- 
fibroma ON THE Right Shoulder. Vertical Section. 

F, flat epithelia ; Cu, cuhoidal epitlielia ; Co, columnar epithelia, all the three composing 
the epithelial layer, E ; 1), derma of skin, composed of vascularized connective tissue, C. 
Magnified 600 diameters. 

Termination of Nerves. Since Cohnheim’s researches, we know that the 
finest axis-fihrilltB of the nerves terminate in the epithelial layers. The ter- 
mination was described by some observers as a plexus between the epithelia, 
while others (Pfliiger, Flemming) claim that the axis-fibrillge penetrate the 
body of the epithelium, and may terminate in its nucleolus. My own obser- 
vations enable me to state that the axis-fibrillse — which, in specimens stained 
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with chloride of gold, can he recognized hy their beaded appearance and their 
dark violet color — run in the cement-substance between the epithelia, and in 
this situation are in direct union with the filaments (“thorns ”) interconnect- 
ing the bioplasson reticulum of neighboring epithelia. (See Fig. 140.) In 



Fig. 140 .— Diagram op Termination op Nerves in Epithelial Layers. 

AO, axis-cylinder, dividing into axis-fiLrillas, AF, wliicli penetrate tlie hyaline or hase- 
nienl menihrane, If, and course in the cenient-sahstance between the columnar epithelia, 
CO, and the cnhoidal epithelia, CU. The axis-flbrillm are directly connected with the trans- 
verse filaments in the cement-substance, and indirectly with the bioplasson reticulum of the 
epithelia. 

this way, the active portion of the epithelia — the living matter — is controlled 
by the nerves. Here and there a beaded thread can be traced into the body 
of an epithelium, and this occurrence is easily understood if we bear in mind 
that the nerve-fibrillse and the reticulum of living matter are, in essential 
points, identical formations. The only reliable means for tracing the nerve 
terminations is by chloride of gold staining. It is absolutely necessary, how- 
ever, first to find the connection of the axis-fibrillie with larger medullated 
or non-medullated nerves before we can positively determine their nervous 
nature. 

Recently, a number of formations in the organs of sense have been termed 
Neuro-epithelia (Schwalbe). This refers to formations which are either epi- 
thelia or take a genetic origin from epithelia, and represent the terminations 
of the sensual nerves. In this group are included the rods and cones in the 
retina of the eye, which are composed of a number of transverse disks ; the 
outer portions of the rods during life show a bright red color, which, by its 
discoverer. Boll, was termed the “visual purple.” The rod- and cone-fibers, 
with their nucleated nodules, constitute the external granular layer of the 
retina. In the labyrinth, or the internal ear, especially in the maeulse and 
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eristse acousticse, are found the ciliated auditory, and between these the non- 
eiliated, so-called indifferent epithelia. In Corti’s organ within the cochlea 
there exist the so-called hair-epithelia, which are divided into the inner and 
outer, the latter being arranged in four contimious rows along the external 
pillars. In the gustatory buds (Schwalbe, Loven) there are filiform bodies 
surrounded by covering epithelia; they are found on the epithelial invest- 
ment of the circumvallate papillas, on the epithelia of the hard and soft pal- 
ate, and of the posterior surface of the epiglottis. In the olfactory region of 
the mucosa of the nasal cavity. Max Schultze discovered, in addition to large, 
columnar, non-ciliated epithelia, interposed delicate nucleated filaments, 
which, in amphibia and birds, but not in man, have delicate cilia at their 
external ends. In none of the formations of neuro-epithelium is the ter- 
mination of the nerve-fibrilliB clearly elucidated. 

rUpnented Epithelia and Endotlielia in man are of infrequent occurrence, 
while in the lower animals they are exceedingly abundant. The pigmented 
epithelial layer of the human retina is composed of very regular, hexagonal, 
fiat bodies, the central nucleus, as well as the cement-substance, always being 
without pigment. The amount of the pigment, and also its shade, varies 
greatly according to the general complexion of the individual. The more 
blonde this is, the less pigment will be found in the epithelia, and in albinotie 
persons it is entirely absent. From the inner surface of the epithelial bodies 
numerous filaments arise, passing between the rods. These filaments are 
slightly pigmented in man, but in birds, fishes, and amphibia they abound in 
coloring matter. 


Glands. All the organs of the body properly termed glands 
are formations of the epithelium. Some authors have given 
these epithelia the unnecessary name of “ parenchyma or 
enchyma cells.” The large majority of glands are composed of 
a single layer of epithelia. In the body of the gland the 
cnboidal variety is usually found, and in the duct the columnar ; 
the cnboidal, however, are sometimes so much elongated as to 
represent the short columnar variety. Several layers of cnboidal 
epithelia are seen in the sebaceous glands and the prostate of 
the adult. 

We distinguish two varieties of glands — viz., the acinous and 
the tubular. (See Fig. 141.) 

A roundish, pouch-like prolongation of the epithelial layer 
into the connective tissue forms a simple acinous gland. Exam- 
ples of this variety are the mucous glands of the oral cavity, the 
larynx, the trachea, and some of the sebaceous glands. Repeated 
foldings of the pouch constitute the formations called compound 
acinous or racemose glands^ such as the sebaceous, the lachrymal, 
the salivary, the lacteal, the prostatic, and other mucous glands 
— f. i., those in the mucosa of the tongue, of the duodenum, of 
the trachea, and the glands of Cowper and Bartholini. A third 
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variety is the currant-shaped racemose gland, in which the acini 
encircle the longitudinal duct, as in the Meybomian glands. 

A prolongation of the epithelium in the longitudinal, or rather 
^ ^ p in a vertical, direction is 

termed a simple tubular 
gland, such as the pepsine, 
the intestinal, and the utric- 
ular glands. Repeated ram- 
ifications of the tubules re- 
sult in the formation of 
compound tubular glands ; 
for example, the urinifer- 
ous and seminiferous tub- 
ules. Another sub-variety 
of tubular glands may orig- 
inate by the coiling of the 
tubule. Examples of these 
coiled tubular glands are 
the sweat and ceruminal 
glands. 

There are transitions 
between these two princi- 
pal varieties, when the acini 
are slightly elongated, as 
in the prostate, in the mu- 
cous, or Littre’s glands of 
the urethra, and the mu- 
cous or Brunner’s glands 
of the duodenum. 

According to this defi- 
nition, only epithelial — 
i. e.j secreting formations 
— can properly be desig- 
nated glands, and all the 
so-called lymph-glands, the 
adenoid lymph-ganglia, the 
spleen, the thymus, and the thyroid body should be excluded 
from the glandular system, as they are not secreting, neither 
are they epithelial in structure. 

The epithelia rest upon a delicate hyaline layer of connective 
tissue, which bears the superfluous name of a “ membrana pro- 
pria.” It is of varying width, and is identical with the “base- 



Fig. 141 . — Diagram of G-lands. 


The series A exhibits tlie varieties of acinous 
glands : a, the simple x>oiicii; h, the branching race- 
mose form ; c, the branching currant form. 

Tlie series T exhibits the varieties of tuiular 
glands: «, tlie simple tube; 6, the compound branch- 
ing tube ; c, the coiled tube. 
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ment membrane” of Bowman. Between the epithelia and the 
hyaline layer a flat, delicate endothelial formation is often found, 
which is well marked in the seminiferous tubules (Mihalkovits) 
and in the uriniferous tubules (C. Ludwig). The hyaline layer of 
the salivary glands exhibits, according to Boll, delicate radiating 
spokes, emanating from the flat, central nucleus, which may be 
considered either stellate connective-tissue corpuscles, or rib-hke 
ledges of the apparently structureless membrane. Outside of 
this layer is a delicate interstitial structure of fibrous connective 
tissue, freely supplied with blood-vessels and nerves. Connective 
tissue envelops the larger glands, forming a dense, firm capsule, 
called the tunica albuginea. 

The nerves of the interstitial connective tissue are of both the 
medullated and nou-meduUated varieties, and not infrequently 
small ganglionic elements are met with along their course. The 
ultimate terminations of nerves are not yet fully understood ; 
but, as far as my own observations go, I feel inclined to regard 
the termination represented in Fig. 140 as the most common. 

Very little is known about the lymphatics of the glands. The 
so-called lymph-spaces, produced by parenchymatous injection, 
are unquestionably artificial formations, and are not entitled to 
the name of lymphatics. A complete system of lymph-vessels 
is known to exist in only the testes. 

Performances of Epithelium. The principal function of epi- 
thelium, besides the protection of the body, the transmission of 
terminal nerve-fibers — therefore of sensation, etc., is the elimina- 
tion of effete material from the body, viz. : by secretion and excre- 
tion. The horny, epidermal layer of the skin, on account of its 
indifference, within certain limits of course, to the action of acids 
and alkalies, and on account of its being a bad conductor of heat, 
serves for a protection to the body and all cavities exposed to the 
outer world. The chief office performed hy epithelia is unquestion- 
ably that of secretion, which is carried on exclusively by epithelia, 
arranged as glands. Every glandular formation is epithelial, and 
each epithelial body may be looked upon as a gland, inasmuch as 
all secretory action is based upon the function of each single 
epithelium. All those processes which are considered the most 
disgusting in the animal economy are performed by epithelia ; 
but it is epithelium, also, which produces the sweet, nourishing 
liquid called milk, and aU its derivations, and which gives rise to 
the most essential material of generation — viz, : thespermatozoids 
and the ova. 
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Aside from some special secretions, there are three varieties — 
viz. : the ivatery, the mucous, and the fatty. (See Fig. 142.) 

( a) The watery secretion cannot be directly studied under the 
microscope. We may infer, by watching amoebse laden with car- 
mine particles, that, at the time when, through the visible con- 
traction of the living matter within the body, carmine particles 
are thrown out from the interior of the amoeba, a certain amount 
of its fluid is discharged with them. We (;ome to this conclusion 
from the fact that the carmine granules are extruded with a 
certain force, in a stream of liquid. We must also conclude that 
the opening in the wall of the amoeba kindly and immediately 
closes, for the amoeba displays the same amount of activity after 



Fia. 142. — Diagram of the Process op Secretion. 


The series W illustrates the watery secretion; a, a plastid, with foreign g-raimles in the 
meshesof the reticulum ; h, escaiie of some gi auules, witli some hioplasson liquid. 

The series M illustrates the mucous secretion: a, mucous globule formed at the top of the 
epithelium ; h, a mucous globule discharged ; c, a mucous corpuscle discharged ; in both latter 
cases a goblet left. 

The series F’ illustrates the fatty secretion : a, first-formed fat-granules ; b, coalescence of 
fat-granules into a fat-globule. 


as before this process. A liquid present in the blood, which is 
to be excreted, must necessarily pass through the walls of the 
blood-vessels and first enter the epithelia before it can be expelled 
from them. The discharge of a certain amount of liquid 
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is evidently due to the contraction of the living net-work of 
the epithelium, on the one hand, and a rupture in the wall of 
the epithelium, on the other. This aperture probably closes 
immediately upon cessation of the contraction and reestablish- 
ment of relative rest in the reticulum. Watery secretion is 
accomplished by the lachrymal and the sweat glands. The latter 
produce a fluid, varying greatly in the amount of its solid constit- 
uents and its consistency at different times, which indicates that 
the living matter of the epithelium itself has an influence on the 
chemical nature of the secretion. At the approach of death, the 
perspiration is inspissated and almost mucous in character. The 
main function of the nriniferous tubules is the inspissation of 
the fluid pressed out from the blood-vessels of the tufts of the 
kidneys. 

fhj The mucous secretion can be directly observed under the 
microscope best on a minute particle, cut from the inner surface 
of the small intestine of a frog, with the addition of a very dilute 
solution of chromic acid or bichromate of potash ; pure water 
acts with too much rapidity. We first observe a swelling of the 
body near the outer or free surface of the columnar epithelium. 
This can be accounted for by assuming that the epithelium 
imbibes the liquid which causes the swelling of the meshes 
of the bioplasson reticulum, and at the same time produces 
a considerable stretching of the reticulum. A contraction 
of the posterior portion of the bioplasson reticulum results, 
and this also assists in the enlargement of the anterior por- 
tion. The covering cement-substance of the free surface pro- 
trudes, and its delicate rods fall off. The cement-substance, after 
having reached its utmost capacity of expansion, bursts, and a 
pale, globular body is thrown out — i. e., the swelled portion of 
the epithelium, in which no trace of the former structure can be 
seen. We must admit, however, the presence of a stretched 
reticulum in the mucous globule, too, and also an extremely thin, 
expanded, investing layer of the bioplasson. A number of the 
above described pale mucous globules coalesce and form the jelly- 
like mass called mucus. 

When the process of swelling goes on more slowly, the whole 
bioplasson enlarges within its envelope of cement- substance, and 
after being freed, the nucleated plastid, now termed “ mucous 
corpuscle,’^ still exhibits the net-hke structure ,• or we may see 
isolated, torn granules in an active, so-called “ molecular ” mo- 
tion, the broken particles of the former bioplasson reticulum.. 
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Salivary and mucous corpuscles arise by this same slow action 
from the contents of the epithelia. The investment of the 
cenient-snbstance, being partly or totally emptied and perforated 
at one end, gives the appearance of a “goblet-cell.” Formations 
termed goblet-cells are met with, in numbers greatly varying 
on all mucous surfaces ; they are very numerous in the small 
intestine of rabbits suffering from diarrhoea, and also in the 
mucosa of the artificially infiamed stomach of animals (Strieker 
and Kocslakoff). 

A similar process of the formation of mucus is often observed 
in the mucous glands of the frog’s skin ; here the production of 



Fig. 143. — Mucous Glands prom the Skin op a Frog. 

C, coniiective-tissne frame, caiTying medullated iierve-IiLers, V, coursiiif? between the 
glands, S, and sending delicate ranmles to the cement substance of the epithelia ; Ji, elon- 
gated cuboidal epithelia, pai-tly transformed into M, the mucous globules ; L, the centi'al 
caliber. Magnified 400 diameters. 

mucus from the epithelia of the gland is diagrammatically plain. 
(See Fig. 143.) 

A variety of mucous secretion is that of the stomachic juice, 
of the hile, and the semen. The acidity of the stomachic juice 
is unquestionably due to a peculiar chemical action of the living 
matter of the epithelia, for the blood is always alkaline. The 
bile is a product of the liver-epithelia, each of which is a labor- 
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atory, mamifacturing chemical products from the plasma of the 
blood, and probably also from the red blood-corpuscles. The col- 
oring matter of the bile is known to be closely allied to haemo- 
globine. In the fluid of the semen formations of living matter 
are suspended — the spermatozoids, which are direct offsprings of 
the epithelia of the testicles. Saliva represents an intermediate 
condition between the watery and mucous secretions. 

R. Heidenhain first drew attention to the differences in the 
aspect of the epithelia of the salivary glands, under the different 
conditions of fullness and contraction. He found the epithelia 
in starved dogs light colored, very much swelled, partly destitute 
of granules, and unaffected by the carmine stain, although the 
nucleus would be deeply colored. In epithelia of dogs, which 
before death were abundantly fed, or whose salivary glands, by 
means of electricity, were stimulated to an intense and long- 
continued secretion, the epithelia were, on the contrary, small, 
regular in outline, and their nuclei less stained with carmine. 
In the first case, the central caliber was imperceptible ; in the 
latter, it was very distinct. The same observer discovered in the 
epithelia of the pancreas, also, peculiarities depending upon the 
state of the secretion. He called the upper portion of the epi- 
thelium granular, the lower light portion structureless ; and in 
the process of secretion the upper layer predominated largely. 
Heidenhain and Rollett discovered varieties of epithelia in the 
pepsine glands, which were unlike in appearance, some being 
very large and swelled, with a distinct nucleus; others small, 
about the size of the ordinary cuboidal epithelia, and not dis- 
tinctly nucleated. These facts, inexplicable to their discoverers 
and more recent investigators, are fully understood by recog- 
nizing the presence of the bioplasson reticulum of the epithelial 
bodies within the investing layer of cement-substance. When 
the epithelia of the salivary, the pancreatic, and the stoma, chic 
glands are laden with secretion, the meshes of the reticulum 
are enlarged, and the reticulum itself stretched ; but when the 
epithelia are emptied of their secretion, the reticulum is in a con- 
dition of equilibrium. Bioplasson is accumulated in larger 
quantity at the portion of the epithelia, nearest to the connective 
tissue, exhibiting at all times a nearly homogeneous, shining 
appearance. 

Unquestionably, in the process of mucous secretion a portion, 
or it may be the whole, of the bioplasson of individual epi- 
thelia is destroyed. With this fact before us we can readily 
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understand the weakening of the whole organism by diarrhoea^ 
the relief afforded by drastics in certain diseases, etc. 

(c) The fatty secretion can be best studied under the micro- 
scope in colostrum corj)uscles, whicli are suspended in the serous 
discharge of the mammary glands for a few days after delivery. 
Here we see the first-formed fat-granules still in connection with 
the net-work of the living matter within the plastid, and we 
arrive at the conclusion that fat is a directly transformed living 
matter (see page 28). During the active locomotion of a colos- 
trum corpuscle, very often fat-granules are thrown up from its 
interior (S. Strieker). After a few days, however, no more 
colostrum corpuscles are secreted, because the living matter of 
the epithelia is nearly completely transformed into fat-granules, 
leading to a continuous destruction of the epithelia, the granules of 
which commingle with a serous fluid and form the emulsion called 
milk. This process of fatty change in the living matter of the 
epithelia of the mammary glands is a remarkably rapid one. In 
microscopic specimens of a breast from the corpse of a nursing 
woman, we find in the secretory epithelia little unchanged bio- 
plasson, the greater part of it being transformed into fat- 
granules. If these be extracted from the specimen with oil of 
cloves, only the shells of the cement-substance of many of the 
epithelia are left behind. Through what agencies the enormously 
augmented bioplasson becomes transformed into fat is at pres- 
ent not understood. There is no doubt, however, that this 
material is an offspring of the epithelia. Those who claim that 
the new material for the formation of milk are “ leukocytes,’^ 
or emigrated colorless blood-corpuscles, are in the dark regard- 
ing the nature and the function of epitheba and glands. The 
serous liquid in which the small fat- granules of the milk are 
suspended evidently conies from the blood-vessels ; for it is well 
known that abundant drinking increases the quantity of milk. 
The amount of milk furnished by one udder, in the act of milk- 
ing, greatly exeeeds the volume of the udder, which indicates 
that a continuous flow of the plasma of blood takes place during 
the milking process. Toward the end of milking, the plasma 
being exhausted, very rich, inspissated milk is obtained. 

The highest degree of fatty change of the bioplasson is 
reached in the sebaceous and the ceruminal glands. The won- 
derful apparatus for the extrusion of the fat from the sebaceous 
glands will be spoken of in the chapter on the skin. 
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The Vascular System. 

The vascular system is formed from the middle germinal 
layer, — the mesohlast, — and especially of the connective tissue, 
which alone carries blood-vessels. The different portions of this 
system are the heart, the arteries, the capillaries, and the veins. 
In the heart the mnscidar apparatus is highly developed, as this 
is the principal motor for the blood current. Arteries always have 
a muscle coat, which is comparatively more developed the smaller 
the caliber of the vessel, evidently to admit of an independent 
activity in the motion and distribution of the blood. The veins 
have a thinner coat of muscnlar tissue than the arteries, while 
the capillaiies have no muscular investment whatever. The 
layer constantly present in the heart, as well as in all blood- 
vessels, is the most internal — viz. : the endothelial. This, as 
previously mentioned, is the representative of the investment of 
living matter of the vacuoles, which are visible at times in single 
plastids. The endothelial layer, in the earliest stages of forma- 
tion of blood-vessels, is a continuous investment around the 
vacuoles, and in a later stage of development divides to form 
single plastids, which, although separated from each other by a 
narrow rim of cement-substance, still remain interconnected 
throughout life by means of delicate filaments (“thorns”)- The 
cement-substance, under certain conditions, becomes permeable 
to both colored and colorless blood-corpuscles. The nourishing 
material — the plasma of the blood — must necessarily penetrate 
the endothelial layer before it can reach the neighboring tissue, 
and the number of blood-vessels is always proportionate to the 
acthity of the tissue in which they lie. Muscles — f. i., glands, 
the gray substance of the nerve-centers — are abundantly sup- 
plied with blood-vessels j while the comparatively inert cartilage, 
on the contrary, has a very limited supply. Blood-vessels are 
found in the greatest numbers in the organs in which the oxyda- 
tion of the blood is accomplished — i. e., the lungs. What influ- 
ence the bioplasson of the endothelia has upon the exchange of 
liquids and gases we are unable to sayj this much is certain, 
however, that all endothelia are bioplasson formations, manifest- 
ing vitality in a high degree, and not “ elastic plates,” as some 
histologists claim. The striking changes that occur in endo- 
thelia during inflammation are a direct proof of their life and 
activity. 

(1) The Heart. The muscle of the heart is composed of branch- 
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ing and anastomosing striped fibers, with very small sarcons 
elements (see page 272, Fig. 116). The fibers are arranged in 
bundles and surrounded by a connective-tissue envelope, — the 
external perimysium, — which sends prolongations between each 
single muscle-fiber and its neighbors ; this last formation consti- 
tutes the internal perimysium. The points of attachment for the 
muscular fibers of the heart are the fibrous rings at the auriculo- 
ventricular openings and the tendons of the papillary muscles. 
The perimysium is abundantly supplied with blood-vessels and 
lymphatics. Hyrtl discovered that the heart of many low verte- 
brates — f. i., the frog — is destitute of blood-vessels, and that sin- 
uous prolongations from the cavities of the heart take their place. 
The endocardium and the pericardium have a capillary system 
with wide meshes. In reptiles and most of the fishes, accord- 
ing to the same observer, the muscle of the heart is composed of 
two distinctly separated layers — a broad inner, which is without 
blood-vessels, and a narrow outer, layer, which has a well-devel- 
oped capillary system. 

The endocardium is composed of a layer of fibrous connective 
tissue, varying in width in different portions and largely inter- 
mixed with elastic substance. The inner surface of this structure 
is covered by a delicate layer of large and flat endothelia, which 
is attached to a homogeneous, so-called hyaline membrane. The 
dense, fibrous connective-tissue partitions termed the valves, 
originating from the rings of the ostia, are also covered with 
endothelia. According to Gussenbauer, there are found in the 
peripheral portions of the valves, on the surfaces looking toward 
the auricles, numerous circular and radiating muscle-bundles, 
which come from the muscles of the septum of the auricles. The 
muscle layer of the auricles, however, is much less developed 
than that of the ventricles, while the elastic layer beneath the 
endothelia is very marked. In many places, the structure of the 
wall of the auricles is similar to that of the large arteries. Pur- 
kin je’s filaments in the endocardium of cattle and other animals 
are considered as peculiar forms of development of striated mus- 
cle-fibers. 

The pericardium is a connective-tissue formation, composed of 
coarse interlacing bundles in the parietal, and of delicate inter- 
lacing bundles in the visceral, portion. The free surface of both 
portions is covered with flat endothelia. The plexuses of blood- 
vessels and the lymphatics are broader in the pericardium and 
endocardium than in the muscle of the heart. According to 


EPITHELIAL ANT) ENDOTHELIAL TISSUE. 


335 


Wedl, the lymphatics are very numerous iu the fat- tissue lying 
beneath the visceral layer of the pericardium. 

The nerves of the heart are of both the medullated and uou- 
medullated varieties. The 
former are branches of the 
vagus nerve, the latter of 
the sympathetic system ; 
the plexus cardiaciis is a 
combination of both. The 
siibserous branches accom- 
pany the coronary vessels 
in plexiform arrangement, 
and are studded with gan- 
glionic elements, single or 
in groups. The termina- 
tion of the nerves in the 
muscle of the heart has not 
yet been demonstrated. 

(2) The Arteries. Their 
walls are composed of at 
least three layers, the inner 
of which — the intima — is 
endothelium; the middle 
— the media — smooth mus- 
cle ; and the outer — the 
ad venti ti a — a connective- 
tissue formation. These 
three layers are very firmly 
connected with each other ; 
the relative thickness of 
these coats varies greatly 
with the size and the loca- 
tion of the vessel. (See 
Fig. 144.) 

The inner coat is com- 
posed of flat, nucleated 
endotheha, exhibiting the 
usual bioplasson reticu- 
lum. These bodies are 
elongated in the longitudi- 
nal direction of the artery, 
and in edge view appear spindle-shaped, owing to their middle 



Fig. 144. — Wall of the External Car- 
otid OP Man. Transverse Section. 

E, eudotlielial layer, beneath which is a liyaliue, 
so-called elastic, layer ; MM, smooth muscle iu lou- 
jfitudinal and transverse section ; F, dense tihrous 
connective tissue, with a network of broad elastic 
fibers ; C, loose connective tissue supplied with capil- 
lary blood-vessels. Magnified 200 diameters. 
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broadest diameter at the seat of the nucleus. The separating 
cement-substance is best demonstrated by the injecting of gela- 
tine, to which a two per cent, solution of nitrate of silver is added. 
Upon treatment with distilled water and exposure to daylight, the 
lines of the cement-substance appear dark brown in color and 
pierced by numerous tranverse light lines, which (See page 125) 
correspond to the connecting filaments of living matter (“ thorns” 
or “prickles”). Not infrequently dark brown dots or delicate 
rings are visible along the brown line of the cement-substance, 
varying greatly in number in different localities ; these are the 
so-called stigmata. 

In the smallest arteries, the arterioles^ there is an extremely 
delicate structureless membrane, next to the endothelia. The 
two together have a fiuted contour, and the cement-substance a 
zig-zag appearance, evidently on account of the contraction of 
the middle or muscle coat. In larger arteries, the structureless 
membrane is found to be considerably broader and fenestrated 
— i. e.j with numerous, irregularly distributed perforations ; in 
still larger arteries, the fenestrated membrane is replaced by a 
dense reticulum of elastic fibrillee. 

In the largest arteries two more or less distinct layers are 
found over the endothelium; the inner being the hyaline or 
elastic membrane proper, the outer a reticulum of elastic fibrillae. 

The middle coat is composed of ‘ smooth, spindle-shaped 
muscle-fibers, which in the terminal arterioles are present in one 
layer only, twined around the vessel. In longitudinal sections 
of arterioles, these fibers are easily recognized by their transverse 
sections along the wall outside the endothelium. The nucleus 
of the fusiform muscle-fiber, which is rod-like in front view, 
becomes visible in the transverse section only when the middle, 
broadest portion of the spindle shows its optical section. As the 
caliber of the artery enlarges, the muscle spindles become aug- 
mented, being very numerous in the larger arteries. Here, also, 
a longitudinal layer of muscle spindles becomes apparent, out- 
side of the circular layer ; but the longitudinal layer nowhere 
reaches a high degree of development. In the middle coat of 
larger arteries the bundles of smooth muscles are separated by 
elastic fibrillse, and in the largest arteries by continuous mem- 
braneous formations of elastic substance, which attain their 
highest development in the aorta. In this situation the lamellae 
usually take an oblique course, and are connected uninterrupt- 
edly with the elastic reticulum above and below the muscle coat. 
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According to C. Toldt, the muscle-fibers of the middle coat 
are wanting in the initial portion of the aorta, in the pulmonary 
artery, and in the small arterioles of the retina ; in the aorta 
descendens, the A. iliaca communis, and the A. poplitea small 
muscle bundles, in an oblique or a longitudinal direction, are 
interspersed between the circular ones ; and in other arteries (A. 
renalis, lienalis, spermatiea interna), at the inner boundary of 
the muscle coat, scanty longitudinal bundles occur, which, by 
some authors, are considered to belong to the inner coat. Some- 
times, in the corresponding arteries of different persons, slight 
differences are observed in the distribution of the muscles of the 
middle coat. 

The outer coat is composed of fibrous connective tissue, which 
varies greatly, both in amount and density, in different vessels. 
In the smallest arterioles it is only slightly developed, while in 
the largest arteries it attains considerable breadth. In medium- 
sized arteries, the muscle layer toward the connective tissue is 
bounded by a hyaline, elastic membrane, which in the large 
arteries is widened into a thick layer of dense fibrous connective 
tissue. The bundles of this tissue are interlacing, and at their 
boundaries marked by a coarse, well-developed reticulum, or 
frame-work of elastic substance. This frame is denser in the 
neighborhood of the middle coat than toward the peripheral 
portion. The latter exhibits scattered bundles of smooth muscles 
in a longitudinal arrangement, and is gradually transformed into 
loose connective tissue, which composes the sheath of the artery, 
and carries a system of capillary blood-vessels, the so-called vasa 
vasorum. 

The development of arteries was studied by J. B. Glreene, who 
found that they are originally solid cords, composed of indifferent 
or embryonal elements. The most central ones become vacu- 
oled 5 others are transformed into a flat layer to form the future 
endotheha ; while the most external are elongated in shape, and 
assume a circular arrangement, this being the first trace of the 
future muscle-fibers. (See Art. on menstrual decidua.) 

(3) The Coats of Veins are similar in composition to those of 
arteries ; but the elastic substance and the muscle tissue is less 
developed in veins than in arteries. It is the middle coat, espe- 
cially, which in veins varies most in breadth. This coat is also 
comparatively more developed in the veins of the lower than in 
those of the upper extremities. In the V. portse, cava ascendens, 
and hepatica the muscle coat is only faintly defined, and its 
22 
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bundles are separated by broad layers of fibrous connective 
tissue. A relatively large amount of muscle is found in the 
middle coat of the veins of the spermatic cord. (See Fig. 145.) 

The muscle coat is almost completely wanting in the system 
of the V. cava descendens, in the veins of the nerve centers, and 
also in those of the bones. Here the middle coat is composed of 
delicate fibrous connective tissue, with more or less elastic fibers, 
running in a circular or oblique direction. The venous adven- 
titial coat is hkewise less developed than the arterial, but contains 
a comparatively greater number of longitudinal bundles of 
smooth muscle, so much so that in the V. port* and V. renalis 
these bundles form an almost continuous layer. In the adven- 
titial coat of the veins which empty into the heart, near their 
cardiac orifices, we find a varying amount of striated muscle-fibers, 
in a reticular arrangement, which are prolongations of the muscle 
of the heart. 



Fig. 145. — Blood-vessels from the Loose Adventitial Connective 
Tissue of the Spermatic Cord of Man. 


A, artery, with a;, eiidothelial and covering liyaline layer; M, smooth mnscle layer; 0, 
adventitial layer ; V, vein, exhibiting the same layers as the artei-y ; C,' capillary blood- 
vessels, compose;! of a single endothelial layer, with a surrounding delicate adventitial 
fibrous connective tissue. Magnified 200 diameters. 


The valves of the veins are reduplications of the inner coat, 
with a weU-defined elastic reticulum, especially on the convex 
surfaces, and with a complete endothelial investment. 

The cavernous bodies are veins or sinuses of greatly varying 
calibers, freely anastomosing with each other; they are en- 
sheathed by a dense connective-tissue capsule, which sends 
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numerous offslioots between the veins, and is in part freely sup- 
plied with smooth muscles. 

Arteries and veins in specimens under the microscope may be 
distinguished from each other by the fact that arteries almost 
always are empty, or contain only a few blood-corpuscles, while 
veins, as a rule, hold a large amount of blood. Besides, the arteries 
are found to be contracted, their inner coat has a fluted, corrugated 
outline, while the veins are more or less smooth in their inner 
circumference. The wall of the artery is always broader than 
that of the vein, owing to the presence of the muscle coat, which, 
both in longitudinal and transverse sections, is well marked in the 
former and but shghtly marked in the latter. In transverse sec- 
tions of veins, also, transverse sections of the longitudinal muscle- 
fibers are often recognized. Another point of difference between 
an artery and a vein, should the latter have a marked muscle 
coat (see Fig. 145), is that the artery has a circular or slightly 
oblong caliber, while the vein has an oblong, irregular, com- 
pressed, or hour-glass shaped caliber. The adventitial coat,^ 
likewise, is decidedly thicker in arteries than in veins, though 
both may exhibit the nutrient capillary blood-vessels, the vasa 
vasorum. 

(4) The Capillaries are composed of a single endothehal wall. 
Their plexiform arrangement is best brought into view by the 
injection of a stained, coagulating material. The density of the 
reticulum greatly varies in different parts and organs of the 
body. The closest reticulum is found in the lungs ; the densest, 
and at the same time broadest, reticulum in the liver. In the latter 
organ, the caliber of the vessels show marked variations in size 
in comparatively small territories of the lobules ; this is evidently 
due to a difference in the diameter of the liver epithelia in differ- 
ent stages of their activity. In the kidneys, too, there are striking 
differences in the ealibers of the capillaries, some of which (the 
so-called vasa recta) attain the size of veins. 

S. Strieker was the first to point out the fact that the wall of 
the capillaries is endowed with vital properties, and especially 
with that of contractility. Before him, the capillary walls were 
considered to be only an elastic membrane. Nobody can doubt, 
who has carefully observed capillaries in different situations, 
that during life the endothelial wall exhibits marked changes, 
according to its state of contraction, to the functional activity 
of an organ, and to the age of the individual. The injection of a 
colored material from without renders these differences, as a. 
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matter of course, to a great extent imperceptible. Capillary blood- 
vessels are by no means permanent formations, but, according 
to tbe necessity of their vital activity, they are produced and 
destroyed — i. e., transformed into - the connective tissue from 
which they have originally sprung. That, with advancing age, a 
number of capillaries are transformed into bone, I have demon- 
strated (see page 236), and similar instances are found in all 
varieties of connective tissue. 

All capillaries are surrounded by a delicate light rim, which 
is traversed by minute spokes of bioplasson, interconnecting the 
wall of the capillary with the adjacent tissue. This peii vascular 
space, which certainly contains a liquid, was erroneously termed 
a lymph-space, because colored liquids can be forced into it from 
without by parenchymatous injection. Similar spaces, however, 
exist around all bioplasson formations and around the territor- 
ies of connective tissue (see page 132), but they bear no relation 
to the lymphatic system. It will be seen that successful injec- 
tions have demonstrated the presence, in the tymph capillaries, 
of an endothelial wall, similar to that of the blood capillaries. As 
both are permeable to the liquid and solid constituents of the 
blood and lymph, the assumption of an ensheathing lymphatic sys- 
tem around* the blood-vessels is quite superfluous. Around the 
capillary blood-vessels which lie close to the arteries and veins 
there is often found a continuous layer of connective tissue, the 
so-called capillary adventitial coat. A distinct coat of this kind 
is found around all capillaries of the central nervous system 
(His). According to Boll there is no reason for terming this 
investing sheath, which is rendered very plain by parenchyma- 
tous injection, a lyrnph-sheath. 

In the vicinity of capillaries, especially in the loose connective 
tissue, large, coarsely granular plastids are often found, the 
“ plasma-cells ” of Waldeyer, the siguificance of which is not yet 
fully understood. Here, however, is the place of the most intense 
nutrition, where the flrst and most prominent changes occur in 
the process of inflammation. 

Upon being injected whh a solution of nitrate of silver, the 
capillaries exhibit in many localities an elongated frame of brown 
cement-substance, with a varying number of stomata and stig- 
mata. The flat endothelia, being broadest in their middle portion, 
where the nucleus is located, exhibit a spindle-shape both in lon- 
gitudinal and transverse sections of capillaries. In numerous 
cases, however, no endothelium is rendered visible, even with the 
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silver staining^ and the capillary appears as a continuous layer of 
bioplasson, wMcli here and there is slightly thickened. This 
becomes comprehensible through the facts taught by the history 
of development of the capillary blood-vessels. 

Nerves have often been demonstrated in the walls of capil- 
laries by means of gold-staining. They appear as a delicate, 
beaded reticulum, running in the cement-substance, in the same 
manner as in epithelia. (See page 324, Fig. 140.) 

Peculiar vascular formations are the coccygeal and carotid ^‘glands,” and 
the plexus clioroidei. They are composed of convolutions of capillary blood- 
vessels, with vesicular club-sbaped or semi-globular prolongations, in connec- 
tion with the caliber of the capillary. Neither the coccygeal nor the carotid 
gland are epithelial or glandular formations, therefore the word ‘‘gland” is a 
misnomer in this connection. C. Langer discovered in the mucosa of the palate 
and throat of frogs semi-globular prolongations of the capillaries, often with 
anastomosing the caliber of the capillary by means of a narrow pedicle. He 
considers these formations equivalent to capillary loops. 

Development of Capillaries. S. Strieker (1865) first proved that 
the capillaries are originally solid strings, either connected with 
the wall of an already formed capillary, or representing solid, 
club-like outgrowths from this wall. These solid strings become 
afterward excavated, vacuoled, and the originally solid wall of 
the capillary is differentiated finally into endothelia. 

My own researches corroborate this discovery of Strieker. I 
have seen solid, club-shaped formations in the middle of a 
medullary space, which were new formations produced by the 
retrogression of cartilage tissue to its embryonal condition. (See 
page 246.) I also have observed that the originally solid club or 
cord-like formations become vacuoled even before a connection is 
established with older blood-vessels, and that in the vacuole 
unchanged masses of bioplasson remain, which I have called 
hmmatoblasts, because they are the future blood-corpuscles. I 
made similar observations in the study of the process of inflam- 
mation in different varieties of connective tissue, all of which go 
to prove that a capillary is originally a solid mass of bioplasson, 
which by vacuolation becomes hollowed, while some particles of 
bioplasson are furnished with hmmoglobin, and converted into 
colored blood-corpuscles. In 1873, I said that w^herever a trans- 
formation of one tissue into another takes place, either as a 
normal process, or as the result of inflammation, a new forma- 
tion of blood-vessels and blood-corpuscles invariably occurs as a 
part of the process. The wall of the newly formed capillary is 
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at first solid — in other words, the hioplasson is in the juvenile 
condition. Later, the solid hioplasson divides into a reticulnm, 
with, in the center, solid masses, termed nuclei. At the periphery 
the cement-suhstance is formed, though this, owing to the pres- 
ence of the connecting filaments (“thorns”), never completely 
separates the single endothelia into individual cells. Thus, the 
wall of the capillary, even after the formation of endothelia, 
remains a continuous layer of hioplasson, endowed with con- 
tractility and with the capacity of growing, especially in the 
infiammatory process. In retrogression of the capillaries the 
hollow hioplasson is first solidified, then breaks up into medul- 
lary elements and gives rise to connective tissue, from which, 
under all circumstances, the capillaries have originated. 

Til. Schwann * * * § found in the germ-membrane of the ovum of the chicken, 
thirty-six hours after hatching, cells which, by elongation in different direc- 
tions, became stellate. He called these cells the cells of capillary vessels, 
and considered the blood-corpuscles as young cells formed in the cavity of 
the capillary vessel cells. 

C. Eokitanskyt knew that in certain morbid processes, especially in the 
growth of cancer, blood originates in cells which had become tubular or club- 
shaped. The prolongation of the cells he considered as a beginning new for- 
mation of blood-vessels. He also maintained that a so-called insular new 
formation of blood took place in the process of inflammation. 

S. Strieker t asserted that the capillary tube is a hollowed out protoplasma 
endowed with many of the characteristics of life ; that a solid thread, first 
simply an offshoot of a capillary vessel, afterward becomes hollow ; that in 
the tail of the tadpole there are vessels filled with colored blood-corpuscles, 
terminating at either end in the shape of extremely delicate solid processes. 

E. Klein § demonstrated that in the germinal disk of the chicken embryo, 
in the first half of the second day of hatching, some elements of the middle 
germinal layer exhibit vacuoles. These vacuoles, he asserted, were the first 
formations of blood-vessels, and that from its protoplasmic walls masses are 
separated, partly colored and partly colorless — the blood-corpuscles. In' 
other cells of the same germinal layer, occasionally multinuclear, he observed 
in the center an endogenous formation of blood-corpuscles, while the peri- 
phery of the cell was transformed into the endothelial wall of the vessel. 

My own researches || have resulted in the conclusion that living proto- 
plasma, in the condition termed hsematoblastic,” — viz. : in a juvenile con- 
dition of development, — is the material from which originate both the colored 
blood-corpuscles and the wall of the blood-vessels. 

* “ Mikroskopisclie TJntersuohungen,” etc., 1839. 

t “ Hamlbuoli der Allg. Patholog. Anatomie,” 184‘6. 

t “Studieu iiber den Ban nnd das Beben der cai)illareii Blutgefasse.” Sitzixngsber. d. 
Wiener Akad. d. Wlssenscb., 1866. 

§ “ Das mittlere Keimblatt in seinen Bezieliungen zur Entwicklung der ersten Blntgelasse 
u. Blntkorperclien ira Hiilinerembryo.” Sitzungsber. d. Wiener Akad. d. Wissenscli., iS71. 

||“Ueber die Kiiok-u. Nenbildung von Blntgefassen im Knooiien n. Knorpel.” Wiener 
Mndiz. .Talirbiiober, 1873. 
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The Lymphatic System. 

During the last fifteen years many erroneous views con- 
cerning the lymphatic system have arisen, due to the method 
of studying — viz.: by ‘‘ parenchymatous injection” of colored 
liquids. Perforations were made at random into the tissues of 
the body, and liquids were then forced in from without. The re- 
sults and views obtained by this means are only worthy of being- 
forgotten. On the other hand, careful injections of the lymphatics 
themselves, by Teichmann, Danger, Sappey, and others, have 
shown conclusively that the system of lymphatics is a closed one, 
just as that of blood-vessels. Throughout the lymph-ganglia, 
the spleen, and the lymph tissue in general, erroneously 
termed ‘‘adenoid tissue,” lymph-vessels probably do not exist. 
The difficulties in rendering the lymphatics distinct by injection 
are very great, on account of the delicacy and transparency of 
their walls, their colorless contents, and the presence of valves 
arranged in the same manner as in veins. 

The lymph-vessels form a reticulum, in the average wider than 
that of the blood-vessels, exhibiting in its peripheral ramifica- 
tions, besides loops, pointed or club-shaped terminations. Lymph- 
vessels are characterized by irregular excavations and sinuses, 
and run either parallel with the blood-capillaries or independ- 
ently of them: They are, like the blood-vessels, found only in 

connective-tissue formations. The walls of the lymph-eapiUaries 
are composed of a single endothelial layer, whose elements, as a 
rule, are larger than those of the blood-vessels. Often, there is 
no other investment to be seen, and the lymph-capillaries in this 
case have the appearance of being channeled in and supported 
by the adjacent tissues. The lymph-capillaries are destitute of 
valves ; but the collecting ramules are always found to possess 
valves which produce constrictions of the vessel, while close 
above the valve, in the more central portion, there is a widening 
of the caliber. The ramules accompany the arteries, often in the 
shape of a reticulum, which is also found, around the veins, 
though less developed. The larger ramules exhibit a delicate 
investing elastic layer immediately above the endothelia, and 
with the increase of the caliber of the lymph-vessel this invest- 
ment assumes a fibrous structure, and is supplied with smooth 
muscle-fibers. A distinct stratification of the wall is apparent 
only on those lymph- vessels which, in the extended condition, have 
a diameter of 0.8 to 1 mm. (0. Toldt). Here, three layers are 
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discerniblej analogous to those of blood-vessels : the most inter- 
nal is the endothelial, with an underlying delicate connective tis- 
sue, which, as a rule, holds a number of elastic tibrillgej the 
middle coat is composed of circular smooth muscles, inside of 
which are sometimes found longitudinal fibers, and the outer 
layer is fibrous connective tissue, with interspersed bundles of 
smooth muscle-fibers. The reticulum of elastic fibrillae consti- 
tutes a comparatively broad layer in the walls of the thoracic 
duct; here, also, the oblique muscle bundles of the adventitial 
coat are most distinctly marked. 

In the lower vertebrates the lymph- vessels are often found 
dilated into lymph-sinuses, which, in part, are under the control 
of muscles— ''lymph-hearts’’ (J. Muller). Many of the lymph- 
sinuses empty directly into larger veins. In mammals, such 
lymph-sinuses are of doubtful occurrence, though it is generally 
held that the lymph-follicles in the small intestine of rabbits are 
surrounded by such sinuses. 

Von Recklinghausen discovered that the peritoneal cavity is 
in direct communication with the lymphatic system at the ten- 
dinous portion of the diaphragma. The peritoneum is expanded 
over the large lymph- vessels of this portion, being lined by com- 
paratively small endothelia, the cement-substance of which is 
more or less closely perforated with minute openings, the stomata 
and stigmata. The nuclei of the endothelia are arranged in the 
form of a wreath around the stomata, and larger stomata are 
again surrounded by a wreath of very small, regular endothelia. 
Through these openings dissolved or finely granular colored 
substances, if injected into the peritoneal cavity, are carried 
directly into the lymphatics of the diaphragm (C. Ludwig, 
Schweigger-Seidel). 


The method of Ludwig and Schweigger-Seidel (“Arheiten aus der Physio- 
logischen Anstalt zu Leipzig,” 1867) is as follows: The abdominal cavity of 
a rabbit which was bled to death is opened ; the V. cava, the aorta, and the 
oesophagns are tied to the vertebral column by means of a common ligature, 
and the corpse of the rabbit is divided into halves by an incision made below the 
diaphragma. The upper half is suspended, the head downward, in such a 
manner that the diaphragm assumes a goblet shape. A certain amount of 
water, holding dissolved Prussian blue, is poured in this goblet, and by arti- 
ficial respiratory movement the diaphragm is carried up and down for several 
minutes. Next the peritoneal surface of the diaphragm is washed, and alco- 
hol poured over it, in order to render the Prussian blue insoluble and fix the 
tissues. After excision, the center of the peritoneal surface shows white ten- 
dinous tracts bounding blue tracts. These latter are the larger lymphatics, 
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and the above-named observers considered them clefts between the tendinous 
bundles. On the pleural surface is observed a reticulum of lymphatics, which 
is blued by injection, the small vessels gradually passing into larger lymph- 
vessels. The colored liquid has penetrated the lymphatics through openings 
in the central portion of the peritoneum covering the diaphragm. The 
stomata present in this situation, and which are surrounded by small globular 
elements, were termed lymph-wells by Ranvier. 


Dybkowski found similar openings also in the endothelial 
investment of the parietal pleura ; these openings are confined 
exclusively to the intercostal spaces, while in the pleura covering 
the ribs the stomata are absent. By the injection of colored 
substances into the pleural sac, results are obtained similar 
to those in’ the peritoneal cavity. The subjacent lymph- vessels 
in aU these localities are distinctly marked by an endothelium, 
therefore are not simply interstitial tissue-clefts. The assertion 
of Von Recklinghausen that the connective tissue is pervaded by 
spaces and canals, destitute of walls of their own, and thought to 
be the roots of the lymphatic system, is erroneous, as proved in 
the chapter on connective tissue. Every space rendered visible 
by the staining with nitrate of silver contains a bioplasson body 
demonstrable by staining with chloride of gold. The apparent 
connections between the ^^juice-canals’’ of the connective tissue 
and the lymph-vessels proper, in specimens stained with nitrate 
of silver, although rarely seen, are explicable by the fact that 
neither the bioplasson bodies nor the lymph-vessels take up the 
silver stain. Observers agree, however, that at the periphery of 
the connective-tissue corpuscles and of the territories there are 
narrow spaces containing a liquid ; but we are not justified by 
any facts in connecting these spaces with the lymphatic system. 

Lymph-ganglia and Lymph-tissue. These are peculiar forma- 
tions of the myxomatous connective tissue, which are closely allied 
to the lymphatic system. Their characteristic feature is a delicate 
reticulum, the meshes of which are crowded with lymph-corpus- 
cles — i. e., bioplasson bodies exhibiting all stages of develop- 
ment, from a small, homogeneous granule to a nucleated plastid, 
similar to the colorless blood-corpuscle (see page 105 and Fig. 
31). This tissue is widely spread throughout the submucous 
layers, and reaches its highest development in the youngest 
individnals. It is arranged in conglomerated heaps— the so-called 
lymph-follicles — in the tonsils, the pharynx, the base of the 
tongue, the wall of the stomach, the submucous layer of the 
intestines, in the lymph-ganglia, along the lymph-vessels in 
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regular localities, in the thymus, and in the spleen. Probably 
the thyroid body and the suprarenal capsule likewise belong to 
this group. Single heaps of this lymph-tissue are termed lymph- 
follicles ; eompound formations of lymph-follicles bear the name 
of lymph-ganglia. In the spleen of man the lymph-follicles 
(Malpighian corpuscles) are elongated, and they are everywhere 
in close relation with the arteries and arterioles. 

The lymph-follicles are, according to generally adopted views, 
the widened beds of the lymph-vessels and brought into connec- 
tion with the lymph either by being surrounded by lymph- 
sinuses or by a dense reticulum of lymph-vessels, while the 
interior of the lymph-follicle is destitute of lymph- vessels. Every 
lymph-follicle, moreover, is encircled by a rich reticulum of 
blood-vessels, which send a comparatively small number of capil- 
lary loops into the interior of the follicle, these sometimes not 
reaching its central portion. 

The lymph-ganglia are composed of more or less globular lymph- 
follicles , their prolongations, the follicular cords and the inter fol- 
licular strings, located between the two-named formations. The 
follicles and follicular cords abound in lymph-corpuscles, having 
a relatively delicate and scanty myxomatous reticulum, while in 
the interfoUicular strings the myxomatous tissue is largely de- 
veloped, and the lymph-corpuscles are less numerous. Besides, 
the interfoUicular strings hold numerous blood-vessels, while the 
folUcular formations exhibit a comparatively limited vascular 
supply. The interfoUicular strings have also numerous lymph- 
vessels, while the follicles have none whatever. (See Fig. 146.) 

The lymph-ganglion is inclosed by a dense fibrous connective- 
tissue capsule, whose outer parts blend with the surrounding 
loose connective tissue, which is supplied with a varying amount 
of fat. In the capsule, and in the coarser offshoots, bundles of 
smooth muscle-fibers are found, which in the lymph-ganglia of 
cattle form a continuous layer (Von Recklinghausen). The 
fibrous capsule sends prolongations into the depth of the follicle, 
which soon changes into a myxomatous reticulum. In the inter- 
foUicular strings the myxomatous tissue is well developed, has 
oblong nuclei on most of the intersecting points, and contains in 
its meshes comparatively few lymph-corpuscles. 

The interfoUicular strings ensheath the follicles, which, as a 
rule, are formations consisting of a large globular or pear- 
shaped mass of lymph-corpuscles, and are found at the periph- 
■ery, the so-called cortex of the ganglion. The globular follicles 
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send prolongations — the follicular cords — into the middle por- 
tion, the so-called medulla of the ganglion, and here the follicular 
cords freely unite to form a coarse reticulum, which is more 
or less distinctly marked from the surrounding interfollicular 
strings. The portion of the lymph-ganglion giving exit to the 
lymph-vessels is characterized by a relatively compact forma- 
tion of fibrous connective tissue, inclosing elongated, empty 
spaces. This is the so-called hilus-stroma of His. The connect- 
ive-tissue trabeculse are known to be the carriers of the lymph- 
vessels, which are in open communication with the lymph-spaces 
or sinuses around the follicles, and in the follicular cords. All 
these spaces are lined by a single endothelial layer, and they are 



Fig. 146. — Lymph-ganglion. Transverse Section. 


C, counective-tissue capsule, outside witli fat-loliules, FA ; FO, lympli-follicle ; FS, 
follicular cord; IF, interfollicular string, with numerous Wood- vessels. Magnified 100 
diameters. 

also in direct connection with the meshes of the myxomatous 
reticulum. An endothelial investment has been found only on 
the larger trabeculaB of the myxomatous reticulum. The meshes 
of the reticulum of the interfollicular strings contain compara- 
tively few lymph-corpuscles, while the meshes of the extremely 
delicate reticulum of the follicles and the follicular cords are 
crowded with them. 

Two or more afferent lymph-vessels enter the ganglion on 
one pole and divide into a number of branches, the endothelium 
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of which furnishes the investment for the lymph-sinuses. The 
sinuses unite to form what Toldt calls the terminal sinuses.” 
From these sinuses two or more etferent vessels arise, which by 
anastomoses gradually decrease in number. 

The arteries penetrate the lymph-ganglion both at the periph- 
ery and at the hilus. Their ramules occupy the middle of the 
interfollicular strings ; these also contain a few capillary blood- 
vessels, all supplied with a distinct adventitial coat. The arteri- 
oles form a wide capillary net-work, traversing the follicles and 
follicular cords, and giving rise to the veins, which accompany 
the arteries. The capillary system of the follicles and follicular 
cords is, to a certain extent, independent of the capillaries of the 
interfollicular strings. The capillaries of the lymph-gangha are 
easily permeable to colored liquids injected into the artery. The 
reasons for this have not been fully explained. 

The tliynnm body is a lymph-ganglion belonging especially to 
foetal life. It reaches its highest state of development during 
the first two years, remaining stationary up to the tenth year, 
and at the time of puberty it has almost entirely lost its follicular 
structure. The delicate fibrous investment of the thymus body 
sends numerous prolongations into the interior, giving to it a 
more or less lobular appearance. The follicular formations are 
less distinct in the thymus than in other lymph-ganglia, and are 
more closely aggregated at the periphery of a lobule than in its 
center. Numerous small arteries enter the thymus body at its 
periphery ; a few larger ones at its posterior portion. The course 
which the lymphatics take in the interior of the thymus is 
unknown. In the period of its involution peculiar concentrically 
striated corpuscles (Hassal) make their appearance, kindred to 
Ihe amylaceous corpuscles of the brain. Apparently, these are 
developed from the walls of the capillaries, most probably from 
their endothelia. 

The thyroid body, in the earliest periods of embryonal develop- 
ment, exhibits a glandular structure — i. e., is composed of acini, 
lined by cuboidal epithelia ; the acini are closed on all sides and 
no excretory duct can be discovered. This body, in all probabil- 
ity, is an elongation of the outer germ -layer — the epiblast. At 
the time of birth, the epithelial structure is often still preserved. 
Sooner or later, however, the epithelia are transformed into indif- 
ferent or embryonal corpuscles, exhibiting the characteristics of 
lymph-corpuscles. We meet with small, homogeneous globules, 
and also with larger ones of the size and the structure of nuclei, 
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and still larger ones, representing globular, nucleated plastids. 
Simultaneously with this recurrence of the embryonal condition, 
even in children, many of the lymph-corpuscles perish and are 
transformed into a homogeneous, viscid, so-called colloid sub- 
stance, which, in thyroid bodies of adults, is almost invariably 
found in the closed spaces, now termed alveoli. The lymph-cor- 
puscles are often arranged in the shape of a wreath along the 
wall of the alveolus, and irregular clusters of these corpuscles are 
found scattered throughout the colloid mass. The stages of 
transformation of the plastids into the colloid substance can easily 
be traced. (See Fig. 147.) 



F, connective-tissue frame, canyiug iiumei’ous Iblooci- vessels ; i, lympli-coi'pusclcs ; C, 
colloid mass. Magnified 500 diameters. 

The connective-tissue capsule of the thyroid body sends 
numerous prolongations into its depths, which constitute the 
walls of the alveoli. A striking feature of this formation is the 
great number of blood-vessels and lymphatics which penetrate 
its interior. The significance of this body is, however, not under- 
stood. 

The suprarenal capsule is composed of two layers — a cortical 
and a medullary layer. In the former we see radiating rows of 
polyhedral bodies, having the appearance of epithelia, which 
often contain fat-granules. The connective tissue throughout 
this body is an offspring of the outer capsule, and is seen between 
the rows of the polyhedral bodies ; near the boundary line of the 
cortical layer it forms a delicate reticulum, characterized by a 
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varying amount of a brown, granular pigment. The myxoma- 
tous reticulum in the medullary portion contains in its meshes 
lymph-corpuscles varying greatly in size. Both in the medulla 
and the connective-tissue capsule there are numerous ganglionic 
nerve elements (Von Brunn) which are in connection with the 
sympathetic nerve, branches of which, in large number, penetrate 
the suprarenal capsule. This organ has likewise a large supply 
of blood-vessels. Its development and functions are still physi- 
ological puzzles. 

The spleen, in its structure, is closely allied to the lymph-gan- 
glia, though its relation to the lymphatic system is by no means 
clear. Like the lymph-ganglia, the spleen has also a connective- 
tissue capsule sending numerous otfshoots into the depths of the 
organ, where it produces a delicate myxomatous reticulum. The 
meshes of this reticulum contain a comparatively small amount 
of lymph-corpuscles, while these form larger globular heaps, sim- 
ilar to the follicles of the lymph-ganglia, — the so-called Malpigh- 
ian corpuscles, — and elongated tracts, similar to the follicular 
cords — the so-called pulp-cords. The connective-tissue capsule 
has for its outer investment the endothelia of the peritoneum 5 
in many mammals it contains a large number of bundles of 
smooth muscles, which also pervade the mass of the spleen. In 
man, the number of fibers of smooth muscle in this organ varies 
greatly, although small bundles are unquestionably found in many 
cases. The connective-tissue septa of the spleen are in union 
with the outer capsule, and produce branching and anastomos- 
ing trabeculae throughout the pulp. These trabeculae carry the 
arteries and veins, both of which enter or leave the spleen at dif- 
ferent points, usually far apart. 

The arterioles in most mammals show a distinct adventitial 
coat, which is crowded in its whole extent with lymph-cor- 
puscles, so much so that each pulp-cord is pierced in its center 
by an arteriole. In man, the lymph-corpuscles around the arter- 
iole are accumulated in lymph-follicles, varying in size, and either 
uniformly surrounding the vessel or attached more or less eccen- 
trically to one side of the vessel. A favorite seat of these so- 
called Malpighian corpuscles is the point of ramification of the 
arteriole. In mammals^ spleens which abound in muscles, — f. i., 
in the badger’s spleen, — we observe bundles of smooth muscle- 
fibers accompanying the artery and surrounding the follicle, 
which is in connection with the layer of lymph-corpuscles in the 
adventitia of the artery. (See Fig. 148.) 
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The myxomatous reticulum of the pulp-cords of the spleen 
contains in its meshes lymph-corpuscles in different stages of 
development and multinuclear bioplasson masses ; also a varying 
number of pigment granules, either scattered in the lymph-cor- 
puscles or grouped in the shape of dark brown pigment clnsters. 
In accordance with the view that red blood-corpuscles originate 
in lymph-corpuscles, almost all observers describe lymph-cor- 
puscles as containing colored blood-corpuscles; others maintain 
the origin of these corpuscles from the endothelia. Such views, 
however, are erroneous, and Johnstone has demonstrated the 



Fig. 148 .— Follicle of the Spleen op a Badger, in Connection 
WITH AN Artery. 

L, lympli-follicle ; A, .irtery, penetrating the follicle ; adventitial coat of tlie artery, 
crowded with lyniiRi-corpuscles ; ilf, muscle-strings of the spleen, accompanying the artery; 
V, blood- and lymph- vessels in transverse section ; P, clusters of pigment in the tissue of the 
spleen. Magnified 500 diameters. 

source from which the colored blood-corpuscles arise, both in the 
lymph-ganglia and in the spleen — here, especially, in large num- 
bers. (See page 105.) The significance of the multinnclear 
bodies is unknown, and there is no reason to term them the 
graves of the colored blood-corpuscles. 

The arteries send numerous branches into the adventitial 
lymph-tissue and the lymph-follicles ; they finally divide into 
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terminal branches, which produce delicate capillaries for the 
supply of the connective-^ssue septa and for the pulp-cords. 
The veins arise from these capillaries, and represent vessels with 
thin endothelial walls, susceptible of a high degree of dilatation 
(Billroth). These vessels traverse the interstices between the 
pulp-cords and the connective-tissue trabeculae, and produce 
tassel-like formations, which finally collect into larger veins. A 
number of observers maintain that the arterial capillaries are 
directly connected with the capillary veins ; that therefore the 
vascular system of the spleen is closed everywhere. Wedl even 
admits a direct communication between arteries and veins. Others 
believe in the presence of laeun®, destitute of walls of their own, 
interposed between the terminating capillaries of the arteries and 
the roots of the veins. The latter view is not sufficiently sup- 
ported, for the walls of the capillaries of the spleen, as well as 
those of lymph-ganglia, are easily permeable to stained liquids 
injected from without. The important question as to the termi- 
nation and origin of the capillaries is unsettled. 

The origin of the lymph- vessels is also a much-discussed ques- 
tion. Tomsa considers the lacunae as the roots of the lymphatics, 
because he succeeded in injecting them through the lymphatics. 
Probably the relations are the same as in the lymph-ganglia. 
Besides the lymphatics of the pulp, there are others in the cap- 
sule, and Wedl found in the spleen of the horse and the sheep 
two layers, the superficial being composed of narrow capillaries 
and wide meshes, the deeper of large, sinus-like capillaries, freely 
anastomosing with each other. 

The manner in which nerves terminate in the lymph-ganglia 
and in the spleen is unknown. 

I have thus briefly presented the views of other observers, 
because, on account of the lack of personal researches, I have no 
positive knowledge concerning the structure of the lymph-ganglia 
and the spleen. 


XI. 


INFLAMMATION. 


H ISTOEICAL sketch. The clinical features of inflammation have been 
well studied ever since Hippocrates’s time, but the interpretations of 
its appearances under the microscope have passed through varying phases 
during the last forty years. The views regarding the nature of the inflam- 
matory process have tindergone changes corresponding with the advanced 
knowledge of biological facts. Two main conceptions of this process have 
controlled the observations made by means of the microscope — viz., the 
theories of humoral and cellular pathology. 

C. Rokitansky,* the founder of the humoral pathology, originally consid- 
ered inflammation to be a disturbance in the vascular system, a disease’ of the 
blood, whose mixture, the “krasis,” gave a typical character to the nature of 
the inflammatory process. The greatest stress was laid on the exudation, a 
liquid coming from the blood-vessels, therefore a modifled plasma of the 
blood. The favorite experiment at that time was the production of an arti- 
ficial inflammation in the web-membrane of the frog. This apparently showed 
all the phenomena of inflammation. The membrane of a living frog, care- 
fully extended over a cork ring and held in position by pins, exhibited dis- 
tinctly and beautifully the blood-vessels and the current of the blood, marked 
by the rushing blood-corpuscles. Upon applying an irritating agent to the 
web, usually a drop of concentrated liquor ammonise, striking changes 
occurred in the current of the blood : first, an irregularity in the current, an 
undulation ; next, a slowing, and, finally, a stoppage of the current in the 
irritated vascular districts. This stasis ” was considered the essential phe- 
nomenon of the inflammatory process. Simultaneously an inundation and 
swelling of the surrounding tissue was observed, owing to the exudation. All 
the newly appearing corpuscles, including both the inflammatory and the 
23US corpuscles, were termed exudation corpuscles, and, in accordance with 
the cell-theory established by Schwann, were thought to have originated 
from the exuded plasma of the blood, in a manner termed primordial genera- 

* “ HaiiUUucli der Allgemeiiien Patliologisclien Aiiatomie,” Wien, 1846. 
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tion (Urzengung), which means a new formation of cells from a liquid con- 
taining no cells. 

The reason for the dilatation of the capillaries, observed in the stage of 
stasis of the blood-current, was at that time a question much discussed, but 
never satisfactorily answered. Briicke’s view — that the capillaries, after a few 
intense contractions, became paralyzed — was accepted as the most probable. 
The newly formed cells of the effusion, according to the theory of humoral 
pathology, gave rise to new tissues as well as to the formation of pus. The 
exudate itself was thought to become organized, and to produce pseudo-mem- 
branes or hypertrophy of the inflamed tissues. 

C. Rokitansky * afterward changed his views concerning the origin of the 
inflammatory new formation. This great observer announced, in contradiction 
to the views of Virchow, that, in inflammation, proliferation comes not only 
from “ connective-tissue cells,” but also from “intercellular substances ” ; that 
the latter also increase and give rise to new formations. It will be shown later 
that this view, at that time not understood, is entirely correct, and that since 
1873 we have obtained facts which establish it on a firm foundation. The 
theory of humoral pathology was shaken by R. Virchow.t This investigator 
asserted that the blood-vessels take but little part in the inflammatory 
process. He based his conclusions upon observations made by His in the 
inflamed cornea, and the observations of Redfern in inflamed cartilage, both 
tissues having no blood-vessels, yet becoming greatly changed by inflamma- 
tion. The only active parts of the connective tissue, according to Virchow, 
are the cells, which, after attracting the exudation from the blood-vessels, 
being over-nourished, enlarge, divide, and subdivide, and finally give rise to 
the inflammatory new formation, from which originates new formation of 
connective tissue, hyperplasia, as well as pus. The theory that cells arise 
from a plasma was no longer maintained. Virchow held that an exudation 
could never organize a tissue, and that all new cells must necessarily be the 
offspring of former cells. The new formation of cells, according to Virchow,! 
starts from the nucleus, which is first divided, and the ‘ ‘ cell-body ” is after- 
ward split up into new cells. 

The cellular pathology was based on these fundamental assertions of 
Virchow, and it is certain that the great progress made in biological knowl- 
edge in our day originated from these views, which gradually became the 
leading ones, and are so even at the present time. That the cellular patho- 
logical views are, however, not fully correct, I shall endeavor to demonstrate 
later. 

J. Cohnheim,^ in 18(59, announced a new theory regarding the inflam- 
matory process, founded upon the fact that in the exposed mesentery of the 
frog an emigration of colorless blood-corpuscles takes place from the capillary 
blood-vessels and the smallest veins. The history of the theory of the emi- 
gration of blood-corpuscles from blood-vessels is briefly as follows ; 

Waller, II in 184(5, was the first who maintained having actually observed 

* “XJeber daa Auswacliseii der Biiidcgewebssubstanzen u. die Beziebuug dessell)ou ziir 
Kiitzundniig.” Sitziingsber. d. Wiener Akad. d. Wissensoli., 1864. 

t “ Ueber Parencliyraatose Entziindung,” Vircliow’s Archiv, Bd. iv., 1852. 

% “XJeber die Tlieiluiig der Zelleiikeriie,” Virchow’s Archiv, Bd. xi. Cellulari>atliologie, 
1871. 

^“XJeber das Verhalteii der flxen Bindegewebskorpercheu, bei der Entziiudung.’’ 
Vircliow’s Archiv, Bd. xlv. 

II Philosophical Mayazin. Two successive publications : 1846, 1., p. 271 and 397 ; II., 
p. 398 et sey. 
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the emigration of colorless hlood-corpuscles. According to his view, the wall 
of the blood-vessel in the exposed and expanded mesentery and the tongue of 
toads becomes perforated in the circumference of the corpuscle lying next to 
it, and the aperture in the wall left by the corpuscle is closed by the 
restorative power of the blood. That a real emigration takes place was a 
mere conclusion of his, and so was the assertion that the emigrated colorless 
blood-corpuscles were the mucus- and pus-corpiiscles, which first appear along 
the walls of the blood-vessels. 

S. Strieker,* in 1865, observed in tadpoles, immobilized by curara, 
colored blood-corpuscles, which were incarcerated in the wall of a capillary 
blood-vessel, so that a portion of the corpuscle was inside, another portion 
outside the capillary, and both portions were connected by a slender neck 
within the wall of the vessel. He concluded that the red blood-corpuscles 
could pass the wall of the vessel without a rupture, in a manner termed 
“ diapedesis” by former pathologists. 

J. Cohnheim,t in 1867, asserted that an emigration of colorless blood-cor- 
puscles actually occurs, he having observed these bodies to pass through the 
wall of the vessel. He saw that the inner portion of the corpuscle decreased and 
the outer gradually increased in size, then that the corpuscle was attached to 
the wall by means of a thin pedicle, and finally detached entirely from the outer 
wall. Unfortunately, this observer came to the conclusion that the emigration 
of colorless blood-corpuscles is the principal factor in the process of inflam- 
mation, and that the entire mass of inflammatory corpuscles is nothing more 
than an aggregation of such emigrated corpuscles, while the tissue itself 
simply perishes, and its elements take no part whatever in the inflammatory 
process. A few authors have accepted this view of Cohnheim. They have 
spoken again of an organizing exudate, meaning the corpuscular elements of 
the blood, and had they but known whence came this enormous quantity of 
inflammatory corpuscles, the whole process of inflammation would have been 
very clear and simple to them. 

S. Strieker t has, since 1870, strenuously opposed the views of Cohnheim. 
He demonstrated that each of the former theories contained some truth, and 
that from a combination the whole truth can be deduced. He proved the 
necessity of the presence of blood-vessels and nerves for the origin of inflam- 
mation, agi’eeing with the theory of the humoral pathologists, and showed that 
the connective-tissue cells themselves participate actively in the inflammatory 
process by swelling, dividing, and subdividing, in accordance with the views 
of the cellular pathologists. He was the first to prove the correctness of the 
liypothesis of John Hunter that the cells, and consequently the tissues, in 
inflammation return to a jiivenile condition, in which the cells are enlarged, 
become amoeboid and proliferate, while the intercellular substance ” is 
liquefied and destroyed. That an emigration of colorless blood-corpuscles 
really takes place in inflammation is a granted fact. 

Strieker was not aware that the basis-substance {“intercellular sub- 
stance”) itself contains a large amount of living matter, and consequently 
held that the inflammatory corpuscles are an ofiispring of the “connective- 
tissue cell” and its coarser offshoots only. Neither did he know that at first 

* “ Studieu iiber den Ban and das Beben der cai)ill. Blutgefassc.” Sitzungsber. d. 
Wiener Akad. d. Wissensch, 1866. 

t “XJeber Entziindnng nnd Eiteraug.” Vircliow’s Aroliiv, Bd. xl. 

t “Stndien aus deni Institute f. Experiinentelle Patliologie in Wien,” 1870. And a 
number of articles of .Strieker and Ills pupils in “ Wiener Mediz. Jaln’biiclier,” 1871-1881. 


356 


INFLAMMA TION. 


most of the inflammatory corpuscles remain united hy delicate spoke-like off- 
shoots, giving rise eventually to a new formation of tissue, consequently he 
considered the inflammatory corpuscles and the pus-corpuscles to be one and 
the same thing, and inflammation and suppuration as identical processes. 

In 1872,* when I took up the study of inflammation, in Strieker’s labora- 
tory in Vienna, I adhered to the cell theory, and my explanations of the phe- 
nomena of inflammation were in accordance with this theory. One year later, 
however, I announced new discoveries concerning the structure of “proto- 
plasm ” and the basis-substance, and also concerning the intimate nature of 
the inflammatory process.! The articles in this chapter on inflammation of 
the connective tissue are translations of my papers which were published in 
1872 and 1873 — the former being modified in accordance with the bioplas- 
son views, the observed facts, however, and their description remaining unal- 
tered. Instead of “protoplasm” I shall use the term “ bioplasson.” The 
inflammation of the myxomatous variety of connective tissue is not dwelt 
upon in the following articles. I refer to the article “ Pulpitis,” by Boedecker. 


1. Inflammation of Connective Tissue. 

(A) Infiammation of the Periostetmi. On artificially producing’ 
inflammation in the bone of a mammal, — my experiments were 
made on dogs, cats, and rabbits, — inflammation in the perios- 
teum, in the neighborhood of the injured part, was also induced, 
as a rule. The appearances are identical, whether the inflamma- 
tion occurs in the calcified or in the non-calcified, the fibrous or 
the ribboned periosteum. A specimen furnished by the perios- 
teum of the scapula of a grown cat, on the third day of inflam- 
mation, after having been preserved in a solution of chromic 
acid, represented the features seen in Fig. 149. 

We notice that, instead of the fibrous and ribboned structure 
of the periosteum, a number of partly globular, partly fusiform, 
elements are present, which are mostly nucleated, and grouped 
in rhomboidal fields. 

An analysis of the elements gives the following result : some 
of them contain a central lump of a bright yellowish color, either 
homogeneous or pierced by vacuoles, and around it a pale, finely 
granular zone. Other elements are found besides the homogeneous 
lump ; these have but one pale nucleus, of varying size and glob- 
ular shape. In a vesicular nucleus of this kind we notice some- 
times one larger and sometimes several smaller nucleoli. Lastly, 

* Studien am Knoohen u Kiiori)el. Wiener Mediz. Jaliri)., 1872. TJeber die Riick-ii Neubil- 
dung von Blntget'assen im Kuoclieii u. Knori)el. Wiener Mediz. Jalirb., 1873. 

t “ Untersucluingen iibor das Protoplasma, v. Die Entzilndung der Beinbaut, des 
Knocliens und des Knorx)els.” Sitziing.sber. d. Wiener Akad. d. Wisscmsch., Jiili. 1873. 


INFLAMMA TION. 


357 


we meet with elements in which we obseiwe, instead of nuclei, 
formations, standing apart, which have characteristics of nucle- 
oli. Between the rhomhoidal groups of the above-described 
elements we see narrow, fusiform corpuscles, perhaps flat spin- 
dles, seen on edge. The interstices between the single elements 
of all varieties produce narrow, light rims, all of which are trav- 
ersed by transverse, extremely delicate, grayish lines. 

The periosteum here is evidently broken into elements, iden- 



Fig. 149.— Periostitis of the Scapula op a Grown Cat, Third Day op 
Inflammation. Chromic Acid Specimen. [Published in 1873.] 

W, nucleated plastid ; LL solid lump of the aspect of a nucleolus ; L‘‘, plastid with partli" 
liomos'oneous, partly reticular, formations, of the aspect of nucleoli ; X*, vaouoled bioplasson 
lump, surrounded by a bright rim of homogeneous bioplasson. Magnified 800 diameters. 

tical with those which lay the foundation for the development of 
the periosteal tissue. 

All these features were still more prominent in specimens which 
I obtained on the fifth day of inflammation from the periosteum 
of a young, grown cat, after subcutaneous fracture of the leg 
bones. In the inflamed periosteum, the elastic strips which divide 
the tissue into rhomboidal ribbons could be recognized. Some of 
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these ribbons are composed of rows of globular elements 5 others 
are broken np into a number of fusiform corpuscles, and again 
others are in part made np of these corpuscles, while another 
part retains the character of a periosteal ribbon. The transition 
of granular corpuscles into periosteal rhombs, which are infil- 
trated with basis- sub stance, and look apparently homogeneous, 
is nowhere abrupt. The images of either variety may, to such 



Pig. 150 . — Periostitis of the Fractured Tibia of a Grown Cat. 
Fifth Day of Inflammation. Chromic Acid Specimen. [Published 
IN 1873 .] 

E, eliustic strips ; PP, globular and nucleated plastids, sprang from ribbons ot the periosteuni ; 
R, tiansition of the basis-substance into free bioplasson. Magnified 800 diameters. 

an extent, merge into one another, that even a single rhomb may 
appear in part pale and granular, and in part homogeneous, like 
basis-substance. In this specimen the single protoplasmic cor- 
puscles, without exception, also exhibit the features described 
above. (See Fig. 150.) 

At the point of the most intense inflammation, in the peri- 
osteum under consideration, extensive flelds are transformed into 
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immerous globular elements, which are especially crowded in the 
vicinity of the blood-vessels. In the parts situated between the 
blood-vessels groups of elements or single corpuscles are found, 
surrounded by a zone of basis-substance, which in the chromic 
acid specimen has a homogeneous appearance, and bears a close 
resemblance to normal medullary tissue. Grroups of inflamma- 
tory corpuscles give rise to a cartilaginous tissue. This fact can 
be ascertained by observation of the forming callus in the latei* 
days of the inflammation. 

In the cartilaginous callus, which is the offspring of the 
inflamed periosteum, we sometimes see in a basis-substance, which 
is usually striated, large, pale, nucleated bioplasson bodies. Fre- 
quently we find smaller, yellowish, shining lumps, perforated 
with vacuoles, and sometimes lumps composed of such yellow 
granules. Finally, small cavities are observed in the basis-sub- 
stance, which contain but one small bright-yellowish lump. (For 
illustrations, see article on “ Healing Process of Fractured 
Bones.”) 

The structure of this callus-tissue is in every particular iden- 
tical with that of normal cartilage. The only difference is that 
in the callus all corpuscles and their nuclei contain, at the points 
of intersection of the reticulum of living matter, very shining, 
yellowish granules, either single or in groups. These bodies 
evidently represent the juvenile condition of the bioplasson. The 
newly formed cartilage tissue is traversed by straight, glistening- 
fibers, which divide the tissue into rhomboid al fields of varying 
size. These elastic fibers belonged originally to the periosteal 
tissne, and remained unaltered by tl^e inflammatory process. 
They are recognized as such even in calcified portions of the 
cartilage ; they, without any apparent regularity, traverse both 
the calcified basis-substance and the newly formed medullary 
spaces. That the process of inflammation in periosteum can 
produce not only medullary corpuscles and cartilage tissue, but 
red blood-corpuscles also, I propose to demonstrate in the next 
articles. 

Since liaviiig naade the above observations, I have seen exactly the same 
changes in the inflammation of fibrons connective tissue in the derma of the 
skin, the pericementum of the tooth, and in many other localities (see 
corresponding articles). The process was materially the same. First a dis- 
solution of the basis-substance took place, which led to a freeing and re- 
appearance of the bioplasson, previously concealed in the basis-substance. 
Next by an outgrowth of single granules of bioplasson new elements arose. 
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in an amount greatly exceeding the original number of plastids. At last, 
after the inflammation had snl>sided, a new inflltration with basis-substance 
ensued, and consequently a new formation of connective tissue took place — 
unless the inflamed tissue, from the condition of free bioplasson, immediately 
fell back into the basis-substance-forming stage. Similar features are 
observed in inflammation of the tendinous and peritendinous tissue of the 
horse, termed by veterinary surgeons “softening of tendons.” (See Fig. 151.) 
The original dense fibrous connective tissue, containing only a small number 
of plastids, is gradually transformed into a more homogeneoiis basis-sub- 
stance, in which numerous plastids of varying sizes have made their appear- 
ance. That these newly appearing plastids have not originated from former 
plastids of the connective tissue, but arose independeirtly after liquefaction 
of the basis-substance at certain points, which at first were nearly regularly 


Fig. 151. — Peritendinitis in a Horse. 



B, fibrous basis-substance with a few plastids ; M, the basis-substance more boniogeneons, 
with numerous, newly aijpeared, nucleated plastids ; I, tlie basis-siibstance transformed into 
rows of nucleated plastids, or multinuclear bioplasson masses ; A, artery, cut ti ausversely, 
containing a few blood-corpuscles. Magnified 800 diameters. 


distributed throughout the basis-substance, is plainly demonstrated by all 
specimens of this kind. The whole basis-substance returns to its bioplasson 
condition — i. e., is transformed into rows of plastids or into multinuclear 
bioplasson masses, before any new formation proper has taken place. It 
may be easily understood how this slowly advancing inflammation, not going 
beyond the stage of liquefaction of the basis-substance and the return to the 
bioplasson condition, might lead to a gradual “softening” of the tendon 
tissue. 


INFLAMMA TION. 


361 


(B) Infiamniafion of Cartilage. After irritation of cartilage 
tissue, the action which ensues depends upon the intensity and 
depth of the injury, as well as upon the locality to which the 
irritating agent was applied. In order to render the conditions 
nniform in all experiments, I chose the articular cartilage of the 
condyles of the femurs of chloroformed dogs, cats, and rabbits, 
which I injured with a red-hot pointed piece of iron. 

Superficial Injuries in the Middle of the Condyle. Twenty-six 
hours after the injury, I found the excavation produced by the 
iron partly covered with an eschar, and the tissue in the neigh- 
borhood of a grayish yellow color. A few cartilage cavities were 
enlarged, and contained a finely granular, sometimes vacuoled, 
mass. 

In specimens obtained on the fifth day of infiammation of the 
articular cartilage, I found, close to the border of the injured 
place, large cavities, in part open toward the surface, surpassing- 
in size the normal cartilage cavities sometimes by five diameters. 
Between these enlarged cavities the basis-substance was reduced 
to narrow septa. The cavities contained a pale granular sub- 
stance, divided into fields and nucleated corpuscles. I was 
unable to determine whether these had originated from a single 
enlarged corpuscle, or by simple reduction of the basis-substance 
between the original cartilage corpuscles. The latter view was 
supported by the fact that sometimes several corpuscles were seen 
oc(;upying the larger cavities, surrounded by a narrowed basis- 
substance. Close to the changed zone, aronnd the injury, unaltered 
cavities were observed, which held unchanged corpuscles. 

The appearances were the same, after the inflammation had 
lasted for eight days, in specimens taken from the knee-joint of 
an old rabbit, in which, in consequence of the injury, suppura- 
tion had occurred. The spindle-shape of some of the cartilage 
corpuscles which lay close to the border of the wound could be 
accounted for by the mechanical pressure of the iron rod used in 
producing the inflammation. The result was such that in the 
middle of the articular cartilage, even by the most intense irrita- 
tion, only slight changes could be produced in the cartilage tissue. 
These changes consisted in an enlargement of both the cartilage 
corpuscles and their cavities, while a formation of pus- corpuscles 
could not be obtained. 

One year afterward, the late Prof. Rokitansky kindly placed in my hands 
the second right rih of a man about twenty-five years old, who, in a drunken 
brawl, had had the cartilage completely cut through six weeks before death. 
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The wound looked fresh, just as if produced hut the day before ; even the 
rust-spots from the knife were still visible. The perichondrium was thick- 
ened and held ^;he two severed ends of the rib cartilage. Microscopic exami- 
nation showed enlargement of some of the corpuscles close to the edge of the 
wound, but no other pathological changes. 

Simultaneous Injuries of the Articular Cartilage and the Suh- 
jacent Fpiphyseal Bone. Upon boring a hole into the cartilage, and 
penetrating the bone with the red-hot iron, a very striking phe- 
nomenon occurred — namely, a deposition of lime-salts in the car- 
tilage, around the seat of injury. This feature, which was known 
to Redfern,* could be demonstrated after twenty-six hours, and 
recognized by the naked eye on the third day. The deposition of 
lime-salts was broadest at the border of the bone, and gradually 
became narrower toward the surface. 

Close examination revealed the lime-salts deposited in the 
l)asis-substance of the cartilage, and in this situation most of the 

corpuscles had assumed an irregular, 
jagged appearance, due to offshoots 
arranged after the manner of a deli- 
cate net-work. At the boundary of 
the calcification, I met with cartilage 
cavities, surrounded either by un- 
changed basis-substance or by a cal- 
cified ring, which, as a rule, broadened 
toward the fields of general calcifica- 
tion, and was separated from these 
fields by coarsely granular depositions 
of lime-salts. (See Fig. 152.) 

After decalcification of such speci- 
mens, it was apparent that the corpus- 
cles next to the border of calcification 
had become, either in part or wholly, 
transformed into homogeneous or 
vacuoled, yellowish, shining lumps — 
viz. : had returned to a juvenile stage. 

Beginning from the third day. of 
infiammation in the calcified portion, 
spaces were found, which were larger and more numerous nearer 
the bone than in other localities. These medullary spaces invari- 
ably started from the portion adjacent to the bone-tissue. The 
Imsis-substanee being liquefied, the newly appearing corpuscles 

‘ Anormal Nutrition in the Articular Cartilages,” London, 1850. 



Fig. 152. — Calcified Carti- 
lage OF A' Middle-sized 
Babbit, after a Simul- 
taneous Injury of the 
Articular Cartilage and 
the Bone. [Published in 
1873.] 

P, Ijriglit, yellowisli cartilage cor- 
puscles, traversed By vacuoles ; li, 
iiou-calcified basis-suBstaiice, with 
radiating offslioots of the cartilage 
corpuscles ; C, calcified hasis-suh- 
stance at the houndaries of the terri- 
toi ies. Magnified 800 diameters. 
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liad either assumed a spindle shape or were fused into nueleated 
hioplasson masses, with a simultaneous production of blood- 
corpuscles and blood-vessels in the middle of the medullary space. 
Close to the border of these spaces the corpuscles exhibited no 
other changes than those above described. The epiphyseal bone, 
by dissolution of its basis-substance and increase of the corpus- 
(des, also appeared to be provided with medullary spaces, and 
the perforation made by the iron was, after several days’ inflam- 
mation, filled with nucleated masses and fusiform elements. 

These experiments prove that a simultaneous injury of the 
cartilage and the bone is followed by a calcification of the car- 
tilage along the border of the wound, and afterward by a dis- 
solution of the calcified basis-substance, commencing in the 
\deinity of the bone and advancing toward the articular surface. 
The freed hioplasson behaves in a manner similar to that of 
inflamed bone. 

Injuries at the Lateral Portions of the Articular Cartilage. 
The nearer the lateral edge of the articular cartilage the hot 
iron was applied, the more intense were the changes in the endo- 
thelium, in the synovial membrane, in the fibroiis cartilage, and 
in the neighboring periosteum and tendons. 

At the edge of the condyle of a young cat, on the second day 
after the injury, the tissues covering the cartilage were thick- 
ened and rendered cloudy by a considerable infiltration with 
inflammatory corpuscles. The tissue of the synovial membrane 
and the periosteum exhibited groups of corpuscles, which in 
some places were so crowded that only slight remnants of tlie 
fibrous bundles were visible. 

In specimens of a young rabbit, from the sixth day of inflam- 
mation, the surface of the cartilage was covered with a contin- 
uous, freely nucleated layer of hioplasson, which was not sharply 
marked from the subjacent cartilage tissue. The cavity of the 
wound of the cartilage was found to contain along its borders 
nnmerous tracts of corpnscles, closely paeked together, and 
uniting with analogous tracts proceeding from the subjacent 
bone. (See Fig. 153.) 

Upon examining hyaline cartilage at points where it passed 
into the fibrous variety, and into periosteum, I recognized large 
cavities filled with corpuscles, containing large nuclei, often so 
closely arranged that the boundaries between the corpuscles 
could not be distinguished. Similar formations were found also 
at the border of the scapula of a young dog, on the fifth day 
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after the injury, but only in that portion of the cartilage lying 
nearest the osseous border. 

With an augmentation of the corpuscles, a retrogression of 
the bioplasson to the juvenile condition takes place. As red 
blood-corpuscles are formed out of this bioplasson substance, 
I have termed it “ h^ematoblastic.” This rejuvenescence and 
transformation into red blood-corpiiscles occurs in the inflam- 
matory process, not only in cartilage corpuscles, but also in the 
corpuscles of synovial membrane, periosteum, and tendon. (See 
Fig. 154.) 



Fig. 15 . 3 . — Condyle ob’ Femur op an Old Babbit, on the Eighth Day 
OF Inflammation, Produced by Injury at the Lateral Surface. 
[Published in 1873 .] 


EC, uncliangeil cartilage ; IN, lai'ge medullaiy space in place of the formerly calcified car- 
tilage; T, nnchanged tr.abecnla of hone ; IB, mednllary space in the bone-tissne, penetrating 
the calcified cartilage: MS, nnchanged vascnlar c.anal. Magnified 200 diameters. 


Feeding of Ciirtilage-corpmcles with Insoluhle, Granular Suh- 
stances. I have injured with the red-hot iron the middle portion 
of the articular cartilage of the condyle of the femur, and that 
of the tibia of a young, nearly grown dog, and killed the animal 
seven days afterward. Around the jagged border of the wound, 


IN FLA MM A Tl ON. 


365 


ill a zone abont two millimeters wide, I could see with the naked 
ej-e an intense brown discoloration of the cartilage. A similar 
discoloration was present on the tibia, though much less marked. 

In horizontal sections from the condyle of the femur I found 
the basis-substance of the cartilage calcified around the wound, 
and the calcified zone broadened from the surface toward the 
bone. The calcified basis-substance appeared to be divided into 



Fig. 154 . — Lateral Surface of the Condyle of the Femur of a 
Grown Cat, on the Seventh Day of Inflammation. Fresh Speci- 
men. [Published in 1872 .] 

H, liyaliiU! cartilag'O in transition to JP, til)i’ons cartilage ; C, greatly widened cavity, filled 
with inflammatory corimscles; B, newly formed red blood-corpusclcs, sprung t'T'om L, tlie 
bioplasson in a juvenile condition. Magnifled 800 diameters. 


glistening, polyhedral fields of a brown color, which was more 
intense and wide-spread on the surface of the cartilage. Many 
of the cartilage corpuscles within the brown basis-siibstance 
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contained grannies and lumps of a blackish-brown color, which 
were most numerous at a certain distance away from the border 
of the wound. Extremely minute black grannies also were found 
in the basis-substance. That these granules were animal char- 
coal could easily be determined by comparing them with the 
charred pastids attached to the surface of the wound, and with 
the eschar of the cartilage of other animals. But how did the 
charred granules penetrate the cartilage (iorpuscles ? There must 
have been either a carbonitication of certain parts of the cor- 
puscle and the basis-substance, or else the coal particles had 
been transported from the surface of the wound toward the 
periphery. 

The supposition of a partial carbonificatioii was not sustained 
by experiments on other animals, — cats and rabbits, — and I 
never succeeded in producing brown granules in the corpuscles 
situated in the neighborhood of the burnt place of live or dead 
cartilage. The conclimon, therefore, hecame admissiUe that the 
coal particles really were transmitted within the hasis-snbstance by 
an active process of the cartilage corpuscles and their offshoots. 

Other expei'iments with powdered vegetable carbon and cin- 
nabar, forced into fresh wounds of the cartilage, did not yield 
satisfactory results. I succeeded but once in demonstrating the 
presence of cinnabar granules in a cartilage corpuscle inclosed 
by an uninjured basis-substance. Cinnabar granules, on the 
contrary, which I had injected into the jugular vein, I invariably 
succeeded in finding in the cartilage corpuscles, within the dis- 
trict of inflammation, both in inflammatory corpuscles, filling the 
enlarged cartilage cavities, and also in cartilage corpuscles, 
apparently unchanged. I can, therefore, corroborate the asser- 
tions made by Reitz and Hutob. 

In inflamed cartilage I have often seen red blood-corpuscles arising from 
both the corpuscles of cartilage and medulla. The insular and intravascular 
formation of red blood-corpuscles in some cases proved to be extremely 
active. After injuries inflicted on the lateral surface of the condyles, I 
observed ehlarged fusiform cavities, which evidently had sprung from carti- 
lage, partly or totally filled with iiutial forms of red blood-corpuscles — the 
‘‘htemotoblasts” — as well as with fully developed corpuscles. Solid bioplas- 
son tracts sometimes directly connected the closed cavities of the above 
description, which were found in a large number, especially toward the ten- 
don-tissue ; they were sometimes hollow, and contained a single chain of red 
blood-corpuscles. The process of new formation of blood-vessels and blood 
proved to be identical with that noticed in inflamed bone-tissue, and for fur- 
ther particulars I refer to the article on inflammation of bone. 


INFLAMMA TION. 


367 


(C) Infiammation of Bone. Numerous experiments made 
during tlie years 1872 and 1873, on bones of dogs, cats, and rab- 
bits, for the purpose of artificially producing infiammation, 
enabled me to obtain a general view of the phenomena of oste- 
itis, from its incipient stage up to the eighth day. These are : 
first, the freeing of the bioplasson from its basis-substance ; and, 
secondly, the return of the bioplasson to the juvenile condition. 

In the earliest stages of the inflammation, twenty-six hours 
after the injury, also in the succeeding days, at the periphery of 
the inflamed district, a dissolution of the lime-salts of the Imsis- 
suhstance tahes place in hay-lihe fields ; this destructive process, 
however, does not invariably invade the whole of the territory, 
but often only part. 

The decalcified hasis-suhstance itself is next dissolved out, and in 
its place fiat or glohular Inoplasson masses become visible, either 
single or coalesced into groups, exhibiting a number of nuclei, 
each of which corresponds to an original nucleus of a bone-cor- 
puscle. Within these coalesced groups, new nuclei originate, and 
the multinuclear body presents the appearance formerly known 
under the name of a myeloplax.” (See Fig. 155.) 

Such multinuclear bioplasson masses arise from one or sev- 
eral coalesced bone territories, and represent the bioplasson of 
the territory itself.* 

A multinuclear body, at the periphery of the inflammatory 
district, may at once lay the foundation for the new formation of 
a bone territory ; or it may, in the more central portions of the 
inflammatory district, divide into a number of corpuscles, each 
one of which is provided with a nucleus. The corpuscles, as well 
as the larger bioplasson layers, are separated from the neighbor- 
ing kindred formations by light, narrow rims, which are trav- 
ersed by transverse filaments. These filamentous formations 
are threads of living matter, by which all newly developed ele- 
ments are connected wuth each other and also y^ith neighboring 
bone-corpuscles not yet set free. 

This series of changes may be observed in the middle of 
the bone-tissue, as well as at the borders of vascular canals. The 
dissolution of the decalcified basis-substance, as a rule, begins at 

* The multinuclear bodies are by no means formations confined exclusively 
to the medullary tissue of bone. They may appear wherever territories 
(units) existed before the infiltration with basis-substance took place, or 
where the basis-substance, either in normal or in morbid processes, is slowly 
being dissolved out, and thus the units of the tissue made free. 
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the border of the lacuna, therefore in the circumference of the 
uninfiltrated bioplasson body, — the bone-corpuscle, — and ad- 
vances outward toward the periphery of the territory. W e can 
satisfy ourselves that it is not the central hone-corpuscle itself alone 
which enlarges^ hut that, after a wasting or dissolution of the hasis- 
suhstance has tahen place^ leading to the freeing of the hioplasson^ 



Fig. 155 .— Bay-like Excavations, Produced by Dissolution of the 
Basis-substance, prom the Tibia of a Dog In.jured with Eed-hot 
Iron; Eighth Day op Inflammation. Chromic Acid Specimen. 
[Published in 1872 .] 


B, unchanged bone-ti.ssne, -with 0, tlie hone-oori)uscles ; P, large nucleated bioi)la8son 
masses, filling the bays in connection with the unchanged bone, by means of delicate fila- 
ments. Magnified 800 diameters. 


the latter^ ivhich before the inflammation was seen only in the hone- 
corpuscle^ hecomes visihle throughout the tvhole territory. The 
next step in these phenomena is that the bioplasson contained in 
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the former osseous basis-substance now divides into a number 
of flat, fusiform, nucleated bodies. As a matter of course, it is 
the reticular bioplasson within the basis- substance, and not the 
basis-substance itself, furnishing the material for these elements, 
which are not really newly formed bodies, but only made visible 
and re-arranged in new groupings. 

The final result of the melting or dissolution of the basis-sub- 
stance is the appearance of medullary spaces. They may arise 
from bone-corpuscles and their surrounding basis-substance, in- 
dependently of the vascular canals in the middle of the bone-tis- 
sue. This fact was known previously by Rokitansky. Medullary 
spaces may also have their origin in the borders of vascular 
canals, and the nearer the wound of the bone, the larger and 
the more irregularly excavated are the medullary spaces come 
from the vascular canals. They are always packed with globular 
or spindle-shaped corpuscles, while in their centers blood-vessels, 
ccjntaining blood-corpuscles, are found. 

Running from the widened vascular canals, now transformed 
into mednllary spaces, are channels filled with medullary corpus- 
cles, which penetrate the interstices between the systems of 
lamellm. The spaces which arise in the vicinity of the bone-cor- 
puscles unite with those of the widened vascular canals and 
interstices ; and in intense inflammation, up to the eighth day, 
the formerly compact bone is transformed into a cancellous 
structure — i. e., only narrow trabeculae of unchanged bone are 
left, between which are large spaces containing medullary cor- 
puscles. In still more intense inflammation, especially that pro- 
duced by boring into the compact bone with a pointed hot iron, 
the bone-tissue in the district of inflammation around the wound 
is to a great extent transformed into medullary tissue, holding 
newly formed blood-vessels, and in this tissue, only very small, 
irregular islands of the former compact bone are found. Obvi- 
ously, the juvenile condition of the bone is reestablished by this 
process, even in its coarser anatomical relations. (See Fig. 156.) 

The elements which have newly appeared bear a close resem- 
blance, so far as their shapes are concerned, to those present in 
normal vascular canals, between the wall of the blood-vessel and 
the wall of bone. They are ni)thing more than medullary ele- 
ments in the stage of indifference — eventually osteoblasts. 

In slight degrees of inflammation, the medullary elements, up 
to the eighth day, may, at the surface of the inflamed bone, again 
be transformed into the so-called “osteoid” tissue bv infiltration 
24 
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with lime-salts. In this way are originated new trabeculae, with 
a high degree of luster, between which, in irregularly arranged 
cavities, in part nucleated bioplasson bodies are left. In the 
recalcified basis-substance we can trace the former medullary 
corpuscles, as their general configuration is unaltered. The 

reticular structure of this basis-substance is distinctly visible 

% * 

without any re-agent, owing to the high degree of refraction of 
the fields, infiltrated with lime-salts. (See Fig. 157.) 

The second series of changes concerns the bioplasson itself : 
if retnrnii in a reliifively ffhort time from the phaf>e of advanced 



Fig. 150. — Transformation of Compact Bone into Medullary Ti.ssue. 
Tibia of a Dog, Eighth Day of Inflammation. Chromic Acid 
Specimen. 

H, widonetl Ilavorsiaii caual; C, projections ol the compact boiit', with considerably 
enlarged and aijparently augmented bone-corpuscles ; 7, islands of bone: M. medullary tissue 
containing newly formed blood-vessels. Magnified 300 diameters. 

development into the juvenile condition. This occurs before any 
other change, and is quite constantly observed in the homogene- 
ous nucleus of plastids in the younger, and the nucleolus of 
those in older animals. The nucleus is transformed into a bright, 
yellowish body, which divides into several lumps. In the in- 
flamed district, beginning from the second and third day of 
inflammation, we meet with bone-corpuscles, containing divided 
nuclei, even in unchanged osseous lamellte. 
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Rejuvenescence may involve either the larger portion of 
bone-corpuscles or the whole corpuscle, and these bodies are 
partially or totally transformed into yellowish, shining lumps, 
which I formerly considered h^matoblastic (see page 101). The 
dissolution of the basis-substance around the homogeneous lump- 
takes place in the same manner, as described above. 

The return to the juvenile condition, however, maij at a com- 
Ijaratively early date invade not only the central hone-corpuscle, hut 
also take place, to a greater or less 
extent, in the hioplasson , inclosed, in 
the hasis-suhstance. Some offshoots 
of the bone-corpuscle may become 
broader ; in some of them even 
rejuvenescence may occur, inde- 
pendently of the central luoplas- 
son body. Lastly, this change 
may affect the whole mass of bio- 
plasson present in a territory, as 
illustrated by Fig. 40, page 126. 

Here the retrogressive change in 
the hioplasson preceded the disso- 
lution of the basis-substance. 

The result of the recurrence to 
the juvenile stage of development 
is different, according to its degree. 

A number of bright, homogeneous 
lumps may arise from the bioplas- 
son of the bone-corpuscle, as well 
as from, that of the basis-substance, 
and each lump, even the most mi- 
nute, is enabled to produce a new 
element. This new formation, 
traceable step by stej) in the me- 
dullary spaces, is due to the differentiation of compact hioplasson 
into a reticulum, therefore an advance toward a higher stage. 
Each lump, or each element, under these circumstances, remains, 
by means of delicate filainents, in living connection with all its 
neighbors. (See Fig. 158.) 

Should the division of young hioplasson into small lumps 
occur at a very early stage, and very rapidly, the formations 
which I have termed ha^matoblasts ’’ will be the result. Each 
hfumatoblast, by being severed from the neighboring elements. 



Fig. 157 . — Recalcification of 
THE Medullary Tissue of a 
Dog’s Tibia, Injured with 
Red-hot Iron, Eighth Day 
OP Inflammation. Chromic 
Acid Specimen. [Published 
IN 1873 .] 

F, large, micleatcd Bioplassoii Bodies : 
B, calcified Basis-substance, exBiBitiiig a 
distinct reticular structure. Magnified 
800 diameters. 
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and becoming’ dense at its periphery, may give rise to a colored 
blood-corpuscle. The newly formed blood-corpuscles either lie 
within and between other bioplasson bodies, or else they are 
inclosed by a shell of bioplasson which, by vacnolation, has 



Fig. 158. — Fractured Fibula of a Grown Dog, Longitudinal Sec- 
tion. Fourth Day op Inflammation. Chromic Acid Specimen. 
[Published in 1873.] 

T, flat bioplasson bodies, in tlie stage ot inditt'ercnce, blending with tliebasis-snbstauce ; P, 
bioplasson bodies (inodullai'y corpuscles), si)rung from both the bone-corijusole and the basis- 
substance : 8, bioplasson bodies, with numerous bright lumps ; A5 original bone-coi pnscle, 
with enlarged nucleolus, and a i)artlj^ solidifled nucleus. Magnified 800 diameters. 

become hollow. This represents the first trace of blood-vessels 
which, from their earliest stage, hold red blood-corpnscles. 

The second series of changes in inflamed bone, described 
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above, lead to formations, constantly met with in the immediate 
vicinity of the inflammatory district. A number of newly 
formed medullary spaces are fllled with yellowish, shining ele- 
ments, which, in their form and the nature of the basis-substance 
surrounding them, are analogous to normal juvenile medullary 
(Corpuscles. In such spaces a more or less abundant new forma- 
tion of red blood-corpuscles, and also, though not constantly, of 
blood-vessels, is going on ; the spaces, as a rule, contain in their 
centers blood-corpuscles and blood-vessels, and at their periphery 
bioplasson bodies of varying size. Sometimes red blood-cor- 
puscles originate in multinuclear bioplasson masses, as I de- 
scribed in 1872. 

Finally, I emphasize that the living connection of the tnoplnsson 
bodies^ except the Immatohlasts^ is not interrupted in the non-puru- 
lent inflammation of hone. An isolation can he asserted to exist only 
in colored hlood-corpuscles and in pus-corpuscles. The blood-cor- 
puscles float in a liquid whose origin is connected with a partial 
paling and waste of bioplasson. The formation of this liquid 
always occurs within the first vacuoles — i. e., the first vascular 
tubes, and both the liquid and the newly formed red blood-cor- 
puscles take part in the circulation as soon as the newly formed 
vessels join the older ones. It has been proved by Rustizky * that 
from the freed bioplasson in the process of inflammation of bone, 
pus-corpuscles also originate. 

New Formation of Blood-vessels in Inf amed Bone-tissue.] In 
bone in which inflammation is artificially induced, a very active 
new formation of blood-vessels takes place.j: These are mostly 
capillaries arising from the elements of the decalcified, but not 
dissolved, bone-tissue, and in medullary spaces originating from 
the derivations of the bone-tissue — viz., the medullary corpuscles. 

* “Untersuchungeii uber Knoeheneiterung.” Wiener Mediz. Jahrbiicher, 
1871. 

t “ Ueber die Eiick- u. Neubildung von Blutgefassen im Knochen u. 
Knorpel.” Wiener Mediz. Jahrbiicher, 1873. 

t R. Volkmann (Langenbeck’s Archiv f. Klinisehe Chirurgie, IV. Bd. 
1863) describes a new formation of vascular canals in the compact substance 
of bone, occurring in so-called “ vascular ostitis.” What this author describes 
is not identical with what I have seen, for he maintains that in the formation 
of vascular canals the bone-corpuscles take only an accidental part, or do not 
participate in the least. How the vessels themselves are formed he does not say. 

H. Losseu (Virchow’s Archiv, Bd. Iv., 1872) attempts to demonstrate, in 
specimens obtained from dry bone, that the canalization of bone-tissue 
really starts from bone-corpuscles. 
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At the surface of the injured scapula of a dog, on the fourth 
day of inflammation, I met with well-marked features indicative 
of a new formation of hlood-corpuscles and blood-vessels. (See 
Fig. 159.) 

I saw enlarged cavities in the basis-substance, deprived of 
lime-salts, containing a number of bright, yellowish, homogene- 
ous lumps and disks, which might be properly termed “ haemato- 
blasts” (see page 100). Some of these lumps were vacuoled, 



Fig. 159 . — Scapula Plate op a Dog, on the Fourth Day op Inflam- 
mation. Chromic Acid Specimen. [Published in 1873 .] 

L, lumps of I)iopla.s.sou in a cavity partlj'' inclosed By an investment of Lioplasson ; V, elon- 
gated and vacuoled Lioplasson tube, traversed by sci)ta and containing isolated lumps — 
the hfcmatoblasts ; _Bi and offshoots of the bloplasson tube, terminating blindly. Mag- 
nified 800 diameters. 


others vacuoled and elongated, and, again, others considerably 
enlarged by vacuolation. In all cavities produced by vacuolation, 
isolated Inematoblasts in varying numbers could be seen beside 
a pale granular mass. By coalescence of vacuoled bioplasson 
bodies tubular formations originated, which were divided into a 
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number of chambers by transverse or oblique septa, the remnants 
of the hollowed bodies. The septa eventually disappearing by 
liquefaction and wasting of the bioplasson, a common caliber is 
established, irregularly bounded 
by flattened layers of unchanged 
bioplasson, exhibiting in their 
optical diameter a number of 
nodulations. This tube is in a 
direct communication with hol- 
low offshoots, exhibiting the 
same features, and terminating 
either blindly or in cavities de- 
stitute of a bounding layer, but 
containing haematoblasts. 

Ill the scapula plate of a cat, 
on the third day of the artifi- 
cially induced inflammation, I 
observed solid bioplasson tracts, 
which arose from the border of 
a medullary space, ran along the 
lamellae, and connected several 
enlarged and homogeneous bone- 
corpuscles. Not infrequently the 
bone-corpuscle next to the me- 
dullary space was most enlarged, 
and appeared hollow, while the 
distant corpnacles of the chain 
were solid. I also observed fin- 
ished tubules, terminating in a 
solid point and traversed by 
transverse septa or their rem- 
nants, indicative of the origin of 
the tubule. Such tubules always 
contained a varying number of 
isolated solid bioplasson lumps, 

— the “ hsematoblasts, ” — to- 
gether with finely granular, 
coagulated albumen. (See Fig. 

160.) 

In many specimens obtained from inflamed bone, up to the 
fifth day of inflammation, I observed similar formations in the 
newly formed medullary spaces also. In all cases, first, solid 



Fig. 160 . — Scapula Plate op a 
Cat, on the Third Day op In- 
PLAMMATION. ChROMIC ACID 
Specimen. [Published in 

1873 .] 

Newly formiug blood-ves.sel, teniiinatiiig 
in a vacuoled plastid, X; S, remnant of a 
former septum ; K, lumps of Bioplasson — 
tlie lia'matoBlasts — entangled in finely 
granular, coagulated alBumen. Magnified 
800 diameters. 
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bioplasson tracts were seen, which, hy vacuolatioii, became hol- 
lowed, often exhibiting’ transverse septa, — the remnants of the 
walls of the vacuoles, — and containing ha^matoblasts. From the 
walls of these forming blood-vessels, solid bnds or fnsiform or 
clnb-shaped prolongations arose, which indicated the formation 
of new, collateral branches of blood-vessels. Not all the red 
blood-corpuscles found in medullary spaces were inclosed in 
blood-vessels, for I often met with blood-corpuscles, isolated or in 
groups, among the medullary elements which had sprung from 
inflamed bone-tissue, without a trace of an investing bioplasson 
layer. Such corpuscles evidently are never carried into the circu- 
lation, and I was unable to discover either their office or destiny. 

Often, mnltinnclear bioplasson masses were found, holding in 
their substance a varying number of red blood-corpuscles. Sev- 
eral times I observed an outer investment of spindle-shaped bod- 
ies, which surrounded the mnltinnclear masses. Sometimes the 
spindle-shaped bodies produced a well-marked, broad layer 
around these masses, which had been partly changed into a homo- 
geneous or finely granular, possibly liquid, substance. Along 
the investing layer, inside the caliber, wreaths of haematoblasts 
were seen. All these features indicated the formation of veins ,* 
but I was not able to determine that the investing spindles were 
muscle formations. 

That in inflamed tissues a new formation of arteries occurs I 
am certain from a specimen of Prof. Strieker’s, who, in 1871, 
showed me an inflamed cornea — I cannot recall whether of a 
frog or a rabbit — in which a newly formed artery could be posi- 
tively diagnosticated. 

Conclusions arrived at in 1873. Inflammation was considered 
by humoral pathologists to consist essentially in a diseased con- 
dition of the blood and an exudation of its plasma ; while cell- 
ular pathologists located the disease predominantly in the 
“ individuals,” the tissue-cells.” The latter view, announced 
by Virchow, was the leading one up to our time. 

The presence of an exudation, the altered liquid of the blood, 
in the inflammatory process, needs to-day no special proof. It 
has never been doubted. The phenomena in the inflammation 
of bone could not be explained without the presence of a liquid 
which causes a dissolution first of the lime-salts and afterward of 
the glue-yielding basis-substance. Inflamed cartilage tissue like- 
wise furnishes important proofs of the presence of an exudation. 
The fact that injuries entirely confined to hyaline cartilage pro- 
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diice trifling changes, while, if cartilage and hone be injnred 
simnltaneonsly, very marked changes occur at once in the car- 
tilage tissue, indicates a direct dependence of inflammatory 
changes on blood-vessels. The rapid deposition of lime-salts in 
the latter case can scarcely take place from any other source 
than from a liquid introduced into the cartilage corpuscles. 
Upon boring into the cartilage and the bone, lime-salts are 
deposited in the basis-substance of the cartilage, at the border 
of the perforation, in a zone which broadens as it approaches 
the bone. This proves that the aperture is inundated with a 
liquid, flowing from the blood-vessels of the injured bone, from 
which the living matter of the cartilage derives the lime, origi- 
nally kept in solution, ultimately to be deposited in the chondro- 
genous basis-substance. 

Neither the sum of facts so far known to occur in inflamma- 
tion of cartilage, nor the observations in keratitis, furnish any 
foundation for overthrowing the theory of exudation, and of the 
participation of the blood and the blood-vessels in the inflamma- 
tory process. 

As regards the changes of the assumed “ individuals,” the 
“ cells,” this is a different matter. 

Strieker was the first who positively declared that the cells 
by inflammation are reduced to a juvenile condition, in which 
they are enabled to proliferate. This assertion was based upon 
the observation of the changes which take place in the “ proto- 
plasmic body” — namely, its swelling, its becoming amoeboid, the 
formation of new nuclei and new corpuscles from the older ones, 
and also the wasting of the “ intercellular substance.” 

This view, with all that it involves, can be maintained, not 
only so far as the cells are concerned, but also for the inflamed 
tissue in general. Every tissue^ hy the inflammatory process^ is 
reduced to the condition in 'which it existed in the flrst stage of its 
development — that is to say, to a condition corresponding to its 
embryonal state. 

Thus bone-tissue, in inflammation, is dissolved into the ele- 
ments from which it originated. Through the dissolution of the 
basis-substance medullary spaces are formed in the bone, at cer- 
tain distances, which give to the inflamed bone of an animal, no 
matter how old, the appearances found in a newly born individ- 
ual. In addition to this, in inflammation the basis-substance 
loses its lamellated structure, and in part assumes a striated 
aspect, which again corresponds to the bone of a new-born 


378 


IN FLA MAI A TION. 


animal. Finally, the medullary spaees are filled with eleniehts 
identical to those from which bone-tissue originated. 

The same is the ease with periosteum and cartilage. The 
periosteal ribbons, whose boundaries remain marked by un- 
changed elastic fibers,” are dissolved and form rows and groups 
of globular and fusiform corpuscles, which correspond with the 
original formers of periosteum, not only as regards their shape, 
but in every particular. By infiammation cartilage is transformed 
into medullary elements, such as originally composed its tissue. 

The totality of the elements observed in the inflammatory 
process has been designated by the terms “ inflammatory new 
formation,” “ granulation tissue,” and suppuration.” Recently, 
every newly appearing element was termed simply a ^‘pus-cor- 
puscle.” 

My own observations prove that the newly appearing elements 
at first are nothing but the elements of the tissue themselves. 
The term “inflammatory new formation” is applicable only in 
the later stages of the inflammation, when really netvly produced 
corpuscles have originated from the freed mass of living matter. 

The designation “ granulation tissue ” is scarcely tenable for 
the earliest stages of the inflammation, inasmuch as there is no 
new tissue produced, but only a formation analogous to that 
from which the inflamed tissue sprang — that is, a medullary 
tissue-formation for periosteum, cartilage, and bone. 

The general designation of “ inflammatory new formation,” 
applied to “ suppuration” or “formation of pus-corpuscles,” is 
decidedly incorrect. The results of my researches show that the 
newly appearing, as well as the newly formed, elements are con- 
nected uninterruptedly by filaments of living matter, both with 
each other and with the non-inflamed neighboring tissue. 

If in inflammation of a tissue single corpuscles become sepa- 
rated from their neighbors, and the so-called “ migrating cells” are 
produced, their locomotion is evidently only a transient action. 
The newly formed red blood-corpuscles lying within their newly 
formed vessels, and which in a later stage join the older vessels, 
are really separated from the parent soil. 

Fus-corp'uscles, on the contrary, are unquestionably isolated 
elements which are separated from each other by a liquid. Pus, 
however, is no tissue, and from it, so far as we know and it is 
generally admitted, new tissue will never arise. 

There is a marked difference, therefore, between those proc- 
esses which pathologists have termed plastic inflammation,^^ on 
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the one hand, and “ injiarntyiafiou’’ on the other; al- 

though it may be granted that these processes depend only on 
different degrees of irritation. 

Let ns consider the inflammatory changes of the living matter 
of the tissne-nnits. In inflammation, this matter is probably at 
first provided with a surplus of liquid nourishing material. The 
question whether this material is conveyed in spaces between the 
living matter and the basis-substance, or whether the liquid im- 
mediately enters the living matter, — i. e., is imbibed by it — cannot 
be answered by direct observation. This fact, nevertheless, is 
certain, that the surplus nourishing liquid shows its effects gen- 
erally in the youngest portion of the tissue-unit — viz.: in the 
nucleolus and the nucUus of the non-infiltrated corpuscle. This 
portion is usually the first to return to the juvenile condition; 
it is divided into a number of particles, as has been stated by 
Virchow. 

The living matter inclosed in the basis substance, upon 
receiving the increased nourishing material, responds, as a rule, 
by a dissolution of its basis-substance. Next follows the reestab- 
lishment of the juvenile condition in a certain number of centers, 
each of which represents a nucleus or a nucleolus ; and thus the 
embryonal or juvenile stage of the tissue, as described above, is 
re-assumed. Nearer the inflammatory focus the recurrence of 
youth is established in a larger amount of living matter, w^hich is 
transformed into compact masses. Each mass may divide, and 
each fraction may give rise to a new corpuscle. If the connec- 
tion between these corpuscles remains intact, medidlary tissue is 
the result ; if, on the contrary, the connection is broken, the com- 
pact particles of living matter are luBmatol)lasts^ and, eventually, 
red blood-corpuscles. 

' The formation of new elements from larger masses of living- 
matter, as can be directly proved, is accomplished in such a way 
that within these masses, at certain intervals, new boundaries 
arise, the so-caUed marks of division,’’ which depend upon the 
location of the compact centers. These boundaries are newly 
formed cement- or basis-substance, in which there are no reticular 
formations, but merely delicate spokes of living matter. Every 
newly formed inflammatory corpuscle corresponds to a central 
body, whose living matter retains its embryonal condition — 
viz. : to a nucleus or to several nucleoli. 

Lastly, if in many places the connection of living matter be 
broken, — i. e., the spokes uniting the single lumps be torn, — the 
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lumps become unfit for producing new elements, and are sus- 
pended in a liquid, viz. : serum, derived from the blood which con- 
stitutes suppuration proper. Pus, as is known, is destined to 
perish. 

The facts above enumerated lead to the conclusion that a 
pathology, according to the theory of Virchow, cannot be 
maintained, for in the tissues of the animal body there are no 
‘‘ individuals,” no “ cells,” and consequently can be no isolated 
cellular foci of disease.” 

Tissues are composed of living matter and its derivations. In 
the center of the tissue-unit the living matter remains unchanged, 
while at the periphery the living matter is infiltrated with basis - 
substance. The continuity of living matter is nowhere inter- 
rupted ; the detrimental influence, therefore, which acts upon the 
central body will also directly or indirectly reach the whole tissue- 
unit, and vice versa.* 

The changes which occur in the infiammatory process consist^ first., 
in a dissolution or liquefaction of the hasis-suhstance, and, secondly, 
in an increased production of the living matter of its own Mnd. As 
I have previously demonstrated (see page 46), each lump of 
living matter, no matter how minute, is capable of producing 
its kind, consequently to grow and form a new element. This 
is true of isolated particles as well as of masses of living matter 
combined into tissues and organs. 

It yet remains to be proved whether or not certain ^^free” 
exudations of the animal body contain a number of extremely 
minute, isolated lumps, which have been torn from connection 
with the diseased tissues, and whether or not such lumps, under 
certain conditions, are still viable and endowed in any degree 
with the capacity tor reproduction. Together with the emigra- 
tion of colorless blood-corpuscles, such lumps may, perhaps, be a 
source of the enormous new formation of pus-corpuscles. 

It is always only the living matter within a tissue which is 
subject to disturbances of nutrition, whether it is surrounded by 
an interstitial liquid or by an interstitial solid basis-substance. 
The non-living basis substance may undergo different changes, 

* Later researches have proved that the changes may take place under 
certain conditions, first in the tissue-unit, before any change in the plastid has 
yet occurred. Even a portion , of the plastid may exhibit inflammatory 
changes, while the remaining portion continues in a nearly unchanged condi- 
tion. (See article “Caries of Teeth, especially of Cementum.”) 
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but it is living matter exclusively whicli is enabled to reproduce 
its kind, and therefore capable of producing the extensive new 
formations which give rise to new tissues, such as pseudo-mem- 
branes, callosities, vegetations, etc. 

It is not the cell and not the living portion of the cell which 
alone grows and proliferates ; in the tissue, everything that is 
endowed with life can do so, consequently that portion of living 
matter which is inclosed by basis-substance also grows and pro- 
liferates. To this extent, made clear by observations and infer- 
ences, as far as connective tissue is concerned, we return to the 
stand-point of Rokitansky, inasmuch as we admit that the so- 
euUed intercellular substances” are endowed with the capacity 
of growth. 

There is no reason, hoieerer, to speah hereafter of a humoral 
or solidar pathology, any more than of a cellular pathology. There 
exists hut one pathology, and that is the p>athology of liring matter. 
Thai only which is alive can heconie the subject of disease. 


The Healing Process op Fractured Bones. 

In several of my publications, issued in 1873, and quoted in 
the foregoing articles, incidental references are made to the 
phenomena of the healing process in fractured bones, which I 
propose here to include in one article. Later writers on this 
subject* have advanced no new views, as they have not con- 
sidered the inflammatory process in the light of the bioplasson 
theory. 

My researches were made in the leg-bones of dogs, cats, and 
rabbits, which I fractured designedly while the animals were 
kept under anaesthesia. In all instances I produced a displace- 
ment of the broken ends, in order to induce a somewhat highei* 
degree of inflammation — the covering skin always remaining 
intact. How the healing process of fractured bones progresses 
by primary intention — i. e., when the broken ends are in close 
contact, — is not known. All the numerous observations and con- 
clusions concerning healing by primary intention in the soft 
tissues require revision, as a thorough understanding of this 
process is possible only through a knowledge of the minute 
structure of the tissues involved. None of the authors have had 

* J. Hofmokl, “Ueber Callusbildung.” Wiener Mediz. Jahrbucher, 1874. 
Here an exhaustive account of the literature on this subject is found. 
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this knowledge, strange as it may appear. Through the kind- 
ness of Dr. J. Lewis Smith, of New York City, I obtained two 
fractured arm-bones of children, one of fourteen days’, the other 
of about four weeks’, standing. I learned from these specimens 
that the process of healing is in human bones identical with that 
observed in animals. 

Upon fracturing the bones of an animal, hemorrhage is pro- 
duced, on account of the rupture of blood-vessels in surrounding 
tissues, as well as those of the bone ; the initial swelling of the 
tissues around the place of injury is known to surgeons to be 
due to the extravasation of blood. The subsequent fate of the 
extravated blood-corpuscles we do not know ; what we caU 
“ absorption ” of the blood is merely an expression of ignorance. 

In the first few days following the injury inflammation sets 
Iti, varying in intensity with the degree of displacement of the 
ends of the fractured bone, and the general constitution of the 
animal operated upon. The inflammatory process is most active 
in the tissues which have the most abundant vascular supply — 
i. e., the outer layer of the periosteum and the ruptured muscles, 
while it is less marked in the central medullary tissue of the 
bone, and still less in its compact portions. 

The result of the inflammation, as described in former arti- 
cles, is that the involved tissues, and mainly the periosteum, 
break down into medullary corpuscles, the same formation which 
originally contributed to produce the periosteal tissue. By an 
outgrowth of living matter, new medullary or inflammatory 
elements are afterward produced, all of which remaining in 
uninterrupted connection represent the inflammatpry new forma- 
tion. The compact bone-tissue, in the immediate vicinity of the 
fracture, is also melted out, and on the eighth day we see medul- 
lary spaces, which are more or less numerous, and filled with 
medullary or inflammatory corpuscles. These coi’puscles are con- 
nected with the inflammatory tissue arising from the periosteum 
and the central marrow. 

In the second week the inflammatory elements, being identi- 
cal with medullary or embryonal corpuscles, form a new tissue, 
in a manner already dwelt upon in the chapter on formation of 
connective tissue. The result of tissue formation in this case is 
again identical with that observed in the earliest stages of 
embryonal life — i. e., the medullary tissue is transformed into 
cartilage. Cartilage tissue appears after fractures, both of the 
human and animal bones, and constitutes the provisional callus of 
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1 hipuytren. Whether such a provisional or cartilaginous callus is 
ever formed, when the broken bone-ends are closely fitting and 
the periosteum but slightly injured, has not been determined. 
This much is certain, however, that when a deviation of the 
bone-ends has occurred, the formation of provisional callus is 
invariably present. 

The manner in which the inflammatory corpuscles are trans- 
formed into cartilage (see page 212) is briefly as follows : 



Fig. 1(31. — Cartilaginous Callus op the Broken Tibia op an Old 
Cat, Fourteenth Day after Fracture. Chromic Acid Specimen. 
[Published in 1873.] 


B, slightly striated basis-stibstauce ; I, plastids in tlie stage ol iudiffereuce, shortlj' 
before the formation of basis-sii))stance ; V, capillary blood-vessel in tlie middle of a medul- 
lary space. Magnitted 800 diameters. 


At the places most distant from the blood-vessels, the greater 
part of which are newly formed, the originally globular cor- 
puscles become elongated, and the nuclei of many of them dis- 
appear. This is caused by the splitting of the solid bioplasson of 
the nuclei into a reticulum, and the passing into the uniformly 
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granular” stage of inditference. Usually such a change occurs 
without a preceding coalescence of corpuscles into territories. 
Many of the indifferent corpuscles become infiltrated with basis- 
substance ; but we do not know whether this is of a gelatinous 
or chondrogenous character. Some, however, remain free from 
infiltration, at least in their central portions, and in this condition 
constitute the cartilage corpuscles which are found lying at 
nearly regular intervals throughout the newly formed basis- 
substance. In the second week after the injury, we invariably 
encounter nests of inflammatory corpuscles lying around a cen- 
tral blood-vessel. The corpuscles nearest the vessel are more 
globular, while the more distant ones are elongated and fusiform ; 
we are able to trace all the stages of transition, from a uniformly 
reticular bioplasson into an apparently structureless basis-sub- 
stance. (See Fig. 161.) 

In the above-mentioned groups or nests of inflammatory ele- 
ments we observe the transformation of capillary blood-vessels 
into solid cords, and subsequently the division of these into 
smaller medullary corpuscles, which in turn also share in the 
production of cartilage. This process is similar to the transmu- 
tation in advancing age of capillaries into tissue. 

The newly formed basis-substance of the provisional callus is 
in part hyaline and in part striated. The striations are produced 
either by the preservation of the boundary lines of the former 
fusiform, indifferent elements, or by a splitting of these elements 
into small spindles, within the territory, before the infiltration 
with basis-substance had taken place. We notice bioplasson 
bodies at regular intervals, which in this stage deserve the name 
of cartilage corpuscles; they vary greatly both in size and ap- 
pearance. In some cavities of the basis-substance we encounter 
large, pale, nucleated plastids ; in others, smaller, shining lumps, 
usually with vacuoles ; and in other cavities plastids are found 
which are composed of a varying number of lumps of different 
size. Lastly, very small cavities are seen in the basis-substance, 
containing only a single yellowish, bright lump. All plastids, 
whatever may be their size and shape, exhibit a distinct reticulai* 
bioplasson structure, whenever they are nucleated ; all granules 
and lumps contained in a plastid are likewise interconnected, and 
from all plastids, without exception, delicate radiating spokes 
arise, which penetrate the surrounding narrow rim, and are lost 
in the basis-substance. (See Fig. 162.) 

The newly formed cartilage of the provisional callus corre- 
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spends in its structure with, normal hyaline or striated cartilage. 
A striking difference, however, is displayed in the tissue of the 
provisional callus by the large amount of bioplasson it contains. 
The coarse granulation of even the nucleated plastids ; the 
masses of bioplasson lumps lying in the cavities ; the presence 
of single compact and vacuoled 
lumps in many of the cavities are all 
unquestionably due to the great 
augmentation of living matter pro- 
duced by the inflammatory process. 

Such irregular formations are never 
met with in normal hyaline or stri- 
ated cartilage. They can be ex- 
plained only by the different phases 
of development which the bioplasson 
lumps undergo. (See page 46.) 

That the newly formed cartilage 
has really to a great extent sprung 
from former periosteal tissue is 
proved by the presence of unchanged 
elastic fibers. The cartilage tissue 
is traversed by a varying number 
of single, sometimes bifurcating, 
straight, glistening fibers, which 
either divide the tissue into more or 
less regular rhomboidal fields, or are 
scattered through it without uni- 
formity. There is scarcely any doubt 
that these elastic fibers originally 
belonged to the periosteal tissue, 
and remained unaltered by the in- 
flammatory process. They also con- 
tinue unchanged even after calcifi- 
cation of the cartilaginous tissue 
has taken place — nay, even after this tissue has retrogressed to 
the medullary state, the fibers often traversing the newly formed 
medullary spaces without any apparent regularity. 

In the third week after the fracture, a calcareous deposition 
takes place in the tissue of the provisional callus. Its extent varies 
greatly in different individuals, and sometimes it is very scanty, 
though never entirely wanting. In the fractured humerus of 
a child, during the fourth week after the injury, the calcifica- 
25 



Pig. 1 62.— Cartilaginous Cal- 
lus, Fourteen Days after 
THE Subcutaneous Fract- 
ure OF THE Tibia of an 
Old Cat. Chromic Acid 
Specimen. [Published in 
1873.] 

a, plasticl with several formations 
like nuclei; &, vacuoled, sliining plas- 
tid ; c, plastid, composed of numerous 
small, Priglit granules and lumps ; A, 
minute bioplasson lump in a cavity of 
basis-substance. Magnified 800 diam- 
eters. 
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tion had pervaded a large amount of the newly formed cartilage^ 
while in other places the formation of medullary spaces and of 
traheculse of hone was observed — the latter, however, only on a 
small scale. 

Simultaneously with the deposition of lime-salts, and often 
independently of it, a peculiar change is observed, at nearly reg- 
ular intervals, in certain points of the cartilage tissue — viz. : the 
formation of red hlood-corpuscles, of hlood-vesseJs, and also of 
meduUarii tissue. Those portions of the cartilage tissue which 
exhibit, in the basis-substance, at an earlier stage, the greatest 
number of small bioplasson lumps, and which have, to all appear- 
ance, sprung from former capillary blood-vessels, show the most 
marked new formations of blood and blood-vessels. 

Nests of medullary or indifferent corpuscles, or multinuclear 
bioplasson masses, are found, exhibiting an active outgrowth of 
living matter. This divides into small lumps, which subsequently 
imbibe haBinoglobin, and constitute, first, haematoblasts and, later, 
red blood-corpuscles (see page 98). The peripheral portions of 
the plastids, or the multinuclear masses, are changed into flat, 
thickened layers of bioplasson, which lay the foundation of the 
walls of blood-vessels. Such a wall, in the optical section, exhib- 
its slight fusiform thickenings, indicating, perhaps, the future 
nuclei of the endothelia. Club- and rosette-shaped formations of 
this kind are at first connected with older blood-vessels by means 
of solid, bright cords of living matter, which, after they are hol- 
lowed out, establish a communication between the newly formed 
blood-vessels and the older ones. (See Fig. 163.) 

Together with the appearance of blood-corpuscles and blood- 
vessels, and the deposition of lime-salts in the basis-substance of 
the cartilage (“osteoid tissue” of authors), the new formation of 
medullary spaces is inaugurated. Around the newly formed 
blood-vessels, or independently of them, the cartilage tissue 
breaks down into medullary elements, solely in consequence of a 
dissolution or liquefaction of the basis-substance. The newly 
appearing medullary corpuscles are the same which, at an earlier 
date in the healing process of the fracture, produced the cartilage 
tissue. 

By a continuous dissolution of the calcified basis-substance, 
the medullary spaces are enlarged and the medullary cor- 
puscles augmented by a growth of living matter. In the cen- 
tral portions of the medullary space the corpuscles produce 
new blood-vessels, if such had not previously formed. The 
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process is exactly like that of the normal dissolution of carti- 
lage, which leads to the new formation of medullary tissue, and 
subsequently of bone. 

Meanwhile, at the fractured surfaces of the bone, similar 
medullary spaces have formed in consequence of the dissolution 
of the basis-substance of the bone and an increase of its bioplas- 
son material. The connection of the irregular, bay-like medul- 
lary spaces of the bone with those of the adjacent calcified 
cartilage can be traced directly. 

From the medullary tissue, which is the offspring of the 



Fig. 163 . — Caetilaginous Callus, Eighteen Days after the Subcu- 
taneous Fracture op the Tibia op a Cat. Chromic Acid Specimen. 
[Published in 1873 .] 

cartilage cori)uscles in a striated basis-suLstauce ; M, elongated medullary plastids, 
tending toward tlie formation of basis-substance, or resulting from a dissolution of basis-sub- 
stance ; Bi, club-like spaces, lined by a continuous bioplasson layer, containing baemato- 
blasts and red blood-corpuscles. Magnified 800 diameters. 


inflamed periosteum, bone-tissue arises, in exactly the same man- 
ner as in the normal development of bone (see page 247). This 
hone-tissue estabUshes the formation termed definitive callus fDu- 
puytren). 

The trabeculae of bone in children and animals begin to 
appear in the fourth week after the fracture j these at first are 
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very irregular formations, exhibiting an indistinctly striated, cal- 
cified basis-substance and very large and irregular bone-corpus- 
cles. The medullary spaces are filled with medullary corpuscles, 
and contain, in their centers, newly formed blood-vessels, which 
are smaller the nearer they approach the compact structure of 



Fig. 1G4. — Exostosis after Periostitis op the Tibia op a Pog in the 
Fifth Week op Inflammation; Identical in Structure with the 
Definitive Callus. Chromic Acid Specimen. 

C, superficial compact layer, witli IIS, tlie Haversian systems, and SS, newly formed 
medullary spaces ; H, vascular canals, widened into medullary spaces, 8 ; T, traUecul® of 
newly formed bone, with large and irregular bone-corpuscles, inclosing large medullaiy 
spaces, MS. Magnified 200 diameters. 


the injured bone. Unquestionably, also, the injured muscle-tis- 
sue shares in the formation of both the provisional and the defin- 
itive callus, always through the intermediate stages of medullary 
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tissue. The newly formed trahecul* of hone are in every respect 
identical to those observed after plastic periostitis, and in this sit- 
uation termed ‘‘exostoses” and “osteophytes.” (See Fig. 164.) 

The connection between the old and the new bone is estab- 
lished at the fractured surfaces by direct inosculation. At the 
surface of the compact bone, however, bay -like excavations are 
often wanting, and the newly formed bone may be attached to 
the old bone without the latter exhibiting any marked inflamma- 
tory changes. This occurrence has misled some authors into 
the belief that the newly formed bone is simply in apposition to 
the compact structure of the old bone, without being directly 
connected with it. Such views must be the result of the study 
of dry specimens, for in aU other preparations there is no diffi- 
culty in ascertaining a direct union of the newly formed bone- 
corpuscles with the old ones by means of anastomosing offshoots. 

The originally irregular and bulky new formation of bone, 
gradually — viz. : after several months — is transformed into a 
more regular osseous structure. This can be explained by the 
supposition of repeated dissolution and new formation of bone- 
tissue only. After the lapse of several years the bony cicatrix 
becomes so perfect, and even supplied with a central marrow- 
space, in continuity with the old one, that, were it not for the 
deviation of the fractured ends, no trace of the former accident 
could be discovered. 

My researches may be summed up in the following state- 
ments : 

(1) The injury done to the bone and the adjacent soft tissues 
by the fracture leads to an inflammation, which is most intense 
in the most vascularized tissue — viz., in the periosteum 5 

(2) The inflammatory new formation results in the produc- 
tion of a medullary or inflammatory tissue, from which arises 
cartilage tissue, representing the formation termed “ provisional 
callus ” ; 

(3) The cartilage tissue at certain regular intervals, which 
depend upon the new formation of blood-vessels, is broken down 
into a freely vascularized medullary tissue ; 

(4) The medullary tissue, which has sprung from the former 
cartilage, produces bone, first in the form of irregular trabeculae, 
constituting the formation termed “ definitive callus” ; 

(5) The formation of the definitive callus is in all essentials 
like the formation of bone in the process of normal ossification 
from cartilage and periosteum. 
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Necrosis. By C. F. W. Bodecker, op New York.* 

The successful study of the elements of hone-tissue depends very much 
upon the method employed. The proper examination of hone-tissue origi- 
nated in the second, third, and fourth decade of this century, and was pui’sued 
hy Howship, J. Muller, Henle, and others ; all of whom resorted to dry hone, 
which they divided into thin slabs hy the use of the saw, after which these 
were ground thin hy a variety of devices, reducing each specimen to semi- 
transparency. Ohservations made in this way resulted in the theory of 
canaliculi hearing a solution of lime-salts. In 1850 and 1853, Eodolph 
Virchow and F. C. Bonders applied the cell doctrine of Schwann to the 
explanation of hone-tissue. They sometimes used dry and sometimes fresh 
hone in their investigations, macerating it in dilute hydrochloric acid, where- 
by they liberated the elements of the structure more or less distinctly. The 
bodies so isolated presented, sometimes, nucleated structures connected 
together hy branches ; at other times, completely isolated bodies consisting 
of a central mass with projecting processes, and to these they gave the name 
bone-cells. Bonders drew attention to the fact that hone-tissue had spaces 
filled hy cell-like structures similar to those of other kinds of connective 
tissue. E. Neumann, in 1863, asserted that the so-called hone-cells were 
not the cells designated hy Schwann, but spaces with offshoots having a 
more densely calcified wall than the otlier basis-substance, and thus better 
able to withstand the re-action of solvents. These bone-cells are no other 
than the lacunae, and their offshoots, the canaliculi. Inasmuch as the dry 
method of examination of hone-tissue prevailed up to the introduction of the 
wet method, hy Heinrich Muller, in 1856, it is not surprising that it is fre- 
quently persisted in to this day. The nearer to the living state the examina- 
tions can he made, the more instructive and definite will the observation be. 
Hence the dry method is fast falling into disuse among those making histo- 
logical researches. In 1871, E. Lang introduced the examination of living 
hone under the microscope upon the heated stage, hy which he noticed 
amoeboid motion in hone-corpuscles. By this management the lacunae were 
proved to contain protoplasm, hut the nature of the contents of canaliculi he 
said nothing about. The method of examining bone-structure introduced hy 
H. Muller — viz., to decalcify hone hy the use of a solution of chromic acid — 
is to he preferred. In this way hones are decalcified in a short time, and 
without considerable change. For thin hones, two or three weeks are sufficient 
to soften them enough to produce sections of any degree of thinness hy the 
use of the razor. Such sections may he stained hy placing them in a solution 
of chloride of gold, of one-half per cent, in strength. An examination of such 
preparations will show that, within the lacunae of the hone, nucleated bodies 
are to he seen, with finely granular offshoots extending into the larger canal- 
iculi, where they are lost to sight. From the surface of the hioplasson body 
in the direction of the basis-substance many conical processes protrude 
toward the small canaliculi, with which they blend. In 1872, C. Heitzmann 
described and illustrated a hone-corpuscle from hone in the early stage of 
inflammation [see page 126, Fig. 40, of this hook]. This figure shows very 

* Abstract from “Necrosis,” by C. F. W. Bodecker, D. D. S., M. D. S., New York. 
“ Dental Cosmos,” Philadelphia, 1878. In order to establish uniformity throughout the book, 
the term “ pi’otoplasm ” is changed into that of “ hioplasson.” 
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plainly the shining, nearly homogeneous-looking hone-corpuscle, with off- 
shoots in every direction, filling the whole caliber of the canaliculi. It solves 
the question of the contents of the canaliculi in bone by direct observation. 
The living matter in bone behaves precisely as in other tissues under the 
influence of the inflammatory process — that is to say, the central mass 
becomes a shining and nearly homogeneous lump, the offshoots from which 
occupy the whole caliber of the canaliculi, and by this the analogy of bone 
to all other varieties of connective tissue is established. That is to say, here, 
as elsewhere, the living part of the bioplasson forms a continuous net-work 
throughout the whole animal body, i 

in the meshes of which a more or 
less fluid basis-substance is found, 
differing in its chemical properties 
in different situations, which in 
bone is glue-giving, and infiltrated 
with lime-salts. 

I have followed the methods, in 
my examination of bone tissue, as 
above described. This enabled me, 
by the use of the razor, to obtain 
sections fit to be examined by an 
immersion lens magnifying 800 to 
1000 diameters. I noticed that the 
canaliculi could be plainly seen in 
sections, the basis-substance of 
which had retained a small quan- 
tity of lime-salts ; in completely de- 
calcified specimens they are very 
faintly discernible. According to 
my experience, it is better to stain 
the sections with a solution of chlo- 
ride of gold of the half of one per 
cent., whereby a better view of botli 
bioplasson and basis-substance is obtained, 
sections with carmine and hsematoxylon. 

The results of my observations with high inagnifying powers are that bone- 
tissue presents faint parallel lines, dividing it into the so-called lamell®, 
within which we find the bone-corpuscles, the shapes of which vary according 
to the direction of the cut and of the lamellas. As bone-corpuscles are flattened 
lenticular bodies, we will recognize them in this shape in the front view only. 
Longitudinal sections through these bodies give a spindle-shaped outline, 
small when cut near the boundary, broad when cut through the middle line 
of the lentil. A cross-section through a bone-corpuscle shows a somewhat 
irregular body. A cross-section from the compact bone of a lower jaw 
presents invariably bone-corpuscles in all three varieties. (See Fig. 165.) 

We see large spaces, showing a number of ray-shaped offshoots. Besides 
these coarse offshoots, innumerable extremely fine light ones are present. The 
larger as well as the smaller all communicate with each other, forming a deli- 
cate net-work through the whole of the basis-substance. Within the lacuna; 
are present “ protoplasmic ” bodies. We observe, in the centers, shining 
oblong nuclei and nucleoli. Around the nuclei we see a narrow seam, trav- 


Fig. 165. — Normal Bone-tissue of 
THE Lower Jaw of a Man, Aged 
Thirty Years. Chromic Acid 
Specimen, Stained with Chloride 
OF Gold. 

Three hone-(;ori)iiscle.s, P^. with an ohlong' 
miclens ; witli a slohular nucleus, both ex- 
hibiting indistinct nucleoli ; Ps, with a small, 
compact nucleus. Magnified 1000 diameters. 


Another good way is to stain the 
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ersed by immerous very fine threads, which are cone-shaped. Their bases 
are directed toward the nucleus, from the periphery of which they arise, while 
their points are in connection with the nearest granules of the protoplasm. 
Within the corpuscle there are finer and coarser granules, all being connected 
with each other by very fine threads. The seam around the nucleus, as well 
as the spaces between the meshes of the threads, are observable, being much 
lighter than the latter. 

From the periphery of the bioplasson body numerous thick offshoots enter 
the larger canaliculi, which sometimes can be followed up until they commu- 
nicate with the bioplasson of other large neighboring canaliculi. Besides 
these, many very fine offshoots run from the periphery of the bioplasson, con- 
tained in the larger canaliculi towards the basis-substance. Some of them 
can be seen to enter the fine canaliculi, but their course cannot be distinctly fol- 
lowed. My preparations show a much finer net-work within the basis-substance 
than Heitzmann’s figure, before alluded to. Though I am not able to distinctly 
demonstrate the presence of living matter in the finest canaliculi, yet, as we 
find it in all other kinds of connective tissue, I am justified in assuming it. In 
normal bone, the lacunae and canaliculi are not entirely filled by the living mat- 
ter. On the periphery of each corpuscle we see a distinct light seam, traversed 
by the offshoots, which, in a cross section, only show the bioplasson in the center 
of the canaliculis, hence leaving sufficient space for the nutrient circulation. 

It is impossible to study the differences between necrotic and normal 
bone if the specimens be prepared from dry osseous tissue. 

I have made microscopical examinations of necrotic bone from the lower 
jaw, and from another piece from an upper jaw removed by Dr. Frank Abbott. 
The methods employed were exactly the same as before described from nor- 
mal bone. In both cases the necrotic sequestra, as soon as they had been 
taken from the mouth, were placed into the solution of chromic acid, and cut 
in due time. As these pieces were small, I imbedded them in a mixture of 
paraffine and wax (after the extraction of the water by treatment with alcohol 
for twenty-four hours), whereby I was enabled to obtain extremely thin sec- 
tions, some of which I stained with chloride of gold, some with haBmatoxylon, 
and some I mounted unstained. 

The results of these examinations were as follows : 

The outer surface of the necrotic bone, which, to the naked eye, looked 
rough and eaten out, when brought under the microscope showed bay-like 
excavations, known formerly as “ Howship’s lacunae,” in which there was 
visible a granular mass mixed with pus-corpuscles. In the middle of the bone 
I found all the Haversian canals more or less enlarged, some showing the bay- 
like excavations. The contents of the Haversian canals were everywhere the 
same — a conglomerate mass of darkly shaded granules, which I was unable 
to stain with carmine. These masses are the same that we see in decomposi- 
tion of organic matter — “micrococci.” Here and there some medullary cor- 
puscles and multinuclear bodies were recognizable. I did not see blood-vessels 
in any of the Haversian canals. In the necrotic bone I found the traces of 
former osteitis. The enlax’gement of the Haversian canals and lacunae are 
direct proofs of this ; the dissolving out of the basis-substance on the per- 
iphery may, on the contrary, have been due to chemical changes, produced by 
infiltrations from the neighboring inflamed tissues. The Haversian systems 
and concentric lamellae were unchanged. The lacunae and canaliculi were yet 
preserved. In the necrotic preparation from the lower jaw I observed many 
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lacunae in which the bioplasson body, with its net-work, was yet distinguish- 
able, especially where the sequestrum had been attached to the periosteum. 
I found, also, in the preparation from the upper jaw, some comparatively 
unchanged bone-corpuscles.* But the majority of the bone-corpuscles, and 
especially in the neighborhood of the Haversian canals, were either empty or 
their bioplasson bodies were shriveled np (probably the remains of the living 
matter), only showing a few coarse granules. (See Fig. 166.) No signs of 
fatty degeneration could be seen, for 
the granules were stained violet by 
chloride of gold. Many lacunee 
showed no structnre at all, the con- 
tents looking rather like a mass of 
coagulated albumen. In none of these 
lacunae was the characteristic struct- 
ure of bioplasson recognizable. 

To sum up my observations, I 
fonnd : 

First. The lacuna} contain a hioplas- 
son body, loith a distinctly visible net- 
like arrangement, to be regarded as the 
living matter proper. 

Second. The basis -substance is 
pierced by numerous coarse and fine 
canalicnli, communicating with each 
other, as well as with the lacuna}. 

Third. The bioplasson bodies, which 
do not quite fill the lacuna}, send off- 
shoots of the living substance into the 
canaliculi, but can only be seen in the 
coarser ones. 

Fourth. In necrotic bone, traces of 
former osteitis are visible, but no blood-vessels present in the Haversian canals, 
which are filled with micrococci. 

Fifth. In necrotic bone, most of the lacuna} contain no bioplasson, but either a 
coarsely granular or a structureless mass — remnants of the living matter and 
coagulated albumen. 



Fig. 166. — Necrotic Bone-tissue op 
THE Lower Jaw op a Woman, Aged 
Thirty-eight Years. Chromic 
Acid Specimen, Stained with 
Chloride op Gold. 

Three lacunse : ii, with two clusters of a 
granular mass; X2, with scanty granules ; Li. 
with a nearly homogeneous mass. Magnified 
1000 diameters. 


Rachitis and Osteomalacia. 

During the years of 1872 and 1873, I made a number of 
experiments, for the purpose of elucidating the causes of rachitis 
and osteomalacia. The results of these tedious and expensive 
experiments I published in 1873, in the form of a provisional 
communication .t 

* An important feature is not mentioned in this article— viz. : that even in apparently 
unchanged hone-corpuscles the nuclei were jagged, as if shriveled, this suflQciently indicating 
death of bioplasson. — ED. 

f Anzeiger der Akademie d. Wissensch. in Wien, 19 Juni, 1873 ; und Vortrag in der Ge- 
sellschaft d. Aerzte in Wien, October, 1873. 
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Marchand, Ragsky, Lehman, Simon, and others, found free 
lactic acid in the urine of persons aifected with either rachitis or 
osteomalacia. C. Schmidt discovered lactic acid in the liquid 
of malacic shaft-bones Avhich had been transformed into globular 
cysts. Based upon these researches I commenced, in April, 1872, 
a series of experiments on the influence of internal administra- 
tion and subcutaneous injection of lactic acid on the hones of 
living animals. These experiments were continued till the end 
of October, 1873, and were made on five dogs, seven cats, two 
.rabbits, and one squirrel. 

The result was that in dogs and cats, in the second week of 
the administration of lactic acid, no matter whether introduced 
with the food or by subcutaneous injection, the quantity of 
lime-salts given with food being simultaneously reduced, swell- 
ings appeared in the epiphyses of the shaft-bones of the extremi- 
ties, and at the insertions of the rib-bones into their cartilages. 
The enlargement of the epiphyses and the ribs increased con- 
tinually up to the fourth and fifth week, and at the same 
time curvatures of the bones of the extremities were noticed. 
Catarrhal inflammation of the conjunctiva, the bronchi, the 
stomach, and the intestines, emaciation and twitching of the 
extremities, were the concomitant symptoms. 

The microscopical examination of the epiphyses demonstrated 
the identity of this pathological process with that seen in the 
epiphyses of rachitic children. 

On continuing the administration of lactic acid, the enlarge- 
ment of the epiphyses of the long-bones decreased, and the 
shafts themselves became, to a certain degree, less curved, while 
catarrhal inflammations of the mucous membranes occurred 
repeatedly. After four or five months, softening of the shaft- 
bones set in to such a degree as to render the bones as pliable 
as willow-boughs. The microscopical examination of the bones, 
after administration of lactic acid, continued for four to eleven 
months, showed a condition of things identical to that seen in 
human beings, dead of osteomalacia. 

In the three herbivorous animals no swelling of the epiphyses 
was observable. One rabbit died in the third month, the other in 
the flfth month, of the administration of lactic acid, both having- 
symptoms of inanition. In the bones of these animals there were 
no marked signs of rachitis or malacia. The squirrel, on the con- 
trary, which died after thirteen months’ treatment with lactic acid, 
exhibited, in a high degree, the characteristics of osteomalacia. 
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From these experiments it follows that tve are able to pfroduce 
artificially in carnivorous animals, hy continued administration of 
lactic acid, first, rachitis, and afterward osteomalacia ; ivhile in 
herhivora the same agent produces osteomalacia without a ^melimi- 
nary rachitic stage. 

Thus, the identity of these forms of disease is demonstrated, 
and the differences in their course depend mainly upon the differ- 
ence in the age of the animals in which the solution of the lime- 
salts is produced. 

In October, 1873, I exhibited to the Society of Physicians, in 
Vienna, a female foetus of seven months, which had died immedi- 
ately after birth. The mother of this foetus had been employed 
by me for months to feed the animals with lactic acid. In this 
foetus the symptoms of congenital rachitis were in the highest 
degree marked, to such an extent that the skull-bones were 
entirely absent, the cartilages of the ribs and the extremities 
showed only scanty depositions of lime-salts, but numerous 
breaches in the continuity; and throughout the body of the other- 
wise well-developed foetus there could be found no trace of bone- 
tissue. 

Feeding with lactic acid was repeated by E. Heiss,* on a dog 
one year and six months old, with only negative result. The age 
of dogs and cats in which rachitis can be induced is between the 
first and six months of life — at the period, therefore, when the 
skeleton is developing from the cartilage and the periosteum. 
After this stage of development is passed, the symptoms of osteo- 
malacia will be produced, and with greater certainty, toward the 
end of the first year of the animal’s life. The experiments of 
Heiss rest on mistaken grounds. Age is an essential factor in 
the production of either of these diseases in human beings. 
Rickets occurs only in children between the first and the fifth 
years of life, this corresponding with the age of the above-named 
animals. Osteomalacia is exclusively a disease of adults. 

Rachitis (Richets). This disease of early childhood in its clin- 
ical features has been well known for over two centuries. 

Whistler t was the first to describe it, and from the title of his book the 
name of “English disease ’’was adopted by the Grerman physicians. Next 
followed Gr. Glisson,! who made use of the name “ rhachitis.” 

Simon, § according to Marchand and Lehman, found lactic acid in the urine 

* “Zeitsclir. f. Biologic,” Bd. xii. 

t “ Be Morbo Buerorum Augloi'uni,” 164,5. Bare book. * 

t “Tractatus de Rliachitide,” 16,59. 

? Lehi’bucli d. Med. Cbemie., 1842. Bd. ii., p. 203. 
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of rachitic children. He says that such children void urine which sometimes 
is very rich in lactic, also in oxalic, acid, and that it contains four times as much 
phosphate of lime as the normal urine of children. Rickets may be caused by the 
formation of lactic acid in the digestive tracts ; certainly this acid is not dis- 
posed of in the blood, in which only a small portion of the nitrogenous mate- 
rial is transformed into urea. In osteomalacia of adults, the lactic acid in the 
urine is considerably augmented, as well as the uric acid. In rickets, the 
lactic acid dissolves the phosphate of lime of the bones, and these become pli- 
able ; while, in osteomalacia, even the organic portion of the bone is in part 
absorbed. 

Gr. O. Rees* gives a thorough chemical analysis of the earthy phosphates 
in ‘‘Mollities ossium.” He found the resorption of the phosphates to be 
different in different bones, and in the softened bones, on an average, he 
found only 78 per cent, of the normal 86 per cent, of phosphate of lime. 
The absorption, he says, affects the carbonate less than it does the phosphate 
of lime. 

Chossat t observed the absorption of lime-salts in pigeons which had been 
fed exclusively on wheat. The “rarefaction” of bone corresponds more closely 
with osteomalacia than it does with rickets. Diarrhoea was a concomitant 
symptom of this disease. Sam. Solly t distinguishes two varieties of softening 
of bone. Osteomalacia, he says, has also been observed in animals by 
Spooner, especially in dogs, with post-mortem results identical with those 
found in man. Sometimes the disease is confined to single bones. 

C. Schmidt § found the lactic acid by combining it with zinc, in the acid 
liquid of cysts into which the malacie bones were transformed, and he 
thought that the lactic acid was of local origin. Ernst V. Bibra H observed, 
in accordance with the experiments of Chossat, that by withdrawing the lime- 
salts from fowls the lime-depositions in the egg-shell disappeared, and finally 
the fowls ceased laying eggs altogether. The bones of chickens showed a 
decrease of about 10 per cent, of the inorganic substances and a decrease of 
6 to 10 per cent, of the phosphate of lime; while the carbonate of lime and 
phosphate of magnesia were only a little lessened, and the alkalies and the fat 
not at all. V. Bibra found no lactic acid in fresh bones ; no consideration is 
given to this acid in his chemical analyses. 

J. Schlossberger IT obtained the following results : In the normal occipital 
bone the percentage of inorganic material never falls below 60 per cent. In 
craniotabes the percentage sinks to 51-53 per cent., and in the spongy and 
thickened portions to 43-48 per cent. Carbonate of lime is either decreased 
or normal. 

Guerin* says that if young animals are given other food than milk, dis- 
turbances of nutrition, especially of the bones, will follow. He took pups of 
the same litter, and fed some with exclusively animal and others with mixed 
vegetable food (bread and milk). The latter remained healthy ; the former 

* Guy’s Hosp. Reports, vili., p. 191. Schmidt’s Jalirh., 1841. 

t Comptes rendus. Tom. xiv., p. 451-464. 

t Med.-Chir. Tran.sactions, xxvii. 2d Ser., ix., 1844. 

? Amiales de Chem. et Pharm., Ixi., 3, 1847. 

11 “Chem. Untersuch. iiher die Knochen u. Zahue des Menschen u. der Wirbelthiere.’’ 
Schweinfurt, 1844. 

^ “ Chemische Uiitersuchuugen iiber d. erweicliten Kinderschadel.” R. u. W. Arch. viii. 
Schmidt’s Jahrh., 1849, Bd. Ixii., p. 277. 

1 Gazette des Mopltaux, xxxvii., 1848. 


INFLAMMA TION. 


397 


at first grew rapidly, but soon diarrhoea set in, they emaciated and became 
rachitic. The bones became so soft that the animals walked on their femurs 
and humeri, which were very much curved. The main cause of rachitis, 
according to this author, is animal food, given too early. 

G. Wegener^ made experiments on fowls and calves, producing rachitic 
changes by the administration of small doses of phosphorus, continued for 
months. He found the epiphyseal cartilage considerably dissolved out, and 
also in a high degree of hyperjemia. 

The histology of rachitic bones has been studied by many excellent 
observers, such as H. Meyer, R. Virchow, H. Miiller, A. Kblliker, C. Wedl, 
Steudener, and others. H. Meyer t especially comes to the conclusion that : 
(1) osteomalacia is osteoporosis; (2) rachitis originates from universal peri- 
ostitis ; (3) osteomalacia and rachitis are the consequences of one and the 
same disease. 

We know that, in the normal process of ossification, both car- 
tilage and periosteum are reduced to a juvenile condition, giving 
rise to medullary tissue. Simultaneously, also, new red blood- 
corpuscles and blood-vessels are formed. In riclcets, all this is 
going on in a more rapid manner, hiit the new formation of hone 
from the medullary tissue is rery scanty or entirely absent. 

In sagittal sections of the epiphyseal ends of rachitic bones 
we notice an intensely yeUo wish-red zone on a level with the 
portions in which the formation of medullary tissue from carti- 
lage is going on, and we see that this portion is considerably 
thickened, constituting the characteristic rachitic swelling of the 
shaft-bones. Under the microscope we find, at the level men- 
tioned above, large cartilage corpuscles containing a far greater 
amount of bioplasson than normal. The calcification of cartilage 
is scanty and in irregular patches, or sometimes completely 
wanting. The large, irregular, newly formed medullary spaces 
abound in hollow, club-shaped formations — the future capillaries 
— which contain numerous haematoblasts and red blood-corpus- 
cles. At the peripheral portions of the epiphyseal cartilage a 
new formation of vascularized cartilage, instead of bone, can be 
traced, while the newly formed trabecul;© of bone are scanty, 
irregular in shape, holding large bone-corpuscles and territories 
with distinct boundary lines. Similar features are observed at 
the points of junction of hyaline cartilage and bone in rachitic 
ribs. Here, too, the new formation of cartilage is proceeding 
from medullary tissue on a large scale, mostly in groups, repre- 
senting the territories. The cartilage is dissolved out, leaving a 

* Virchow’s Arcliiv, Bd, Ivi. 

t “Zur Lehre von den Knochenkrankeiten.” Henle u. Pfeififer’s Zeitschr., iii., 1853. 
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mediillary tissue freely supplied with blood-vessels of considera- 
ble caliber, venous and capillary chiefly ; but the production of 
bone from this vascularized tissue is extremely scanty and with- 
out uniformity. (See Pig. 167.) 

At the peripheral portions of the shaft-bones we find, between 
the thin cortical bone-tissue and the fibrous portion of the perios- 
teum, a broad layer of medullary tissue, which is sometimes 
arranged in patches. The blood supply of this medullary tissue 
is so great as to give the appearance of a hemorrhage to the 



Fig. 167. — Eachitis. Eib of a Child, in Tranverse 
Section. Chromic Acid Specimen. 


C, cartilage corpuscles, arrauged in territories ; M8, medullary space, sprung from carti- 
lage tissue ; M, medullary tissue with very large blood-vessels, BV, and a scanty new forma- 
tion of bone-tissne, B. Magnified 200 diameters. 

naked eye. The bone generally remains in the stage of cancel- 
lous structure, with large, irregular medullary spaces. 

The flat skull-bones, being developed from fibrous connective 
tissue, exhibit similar features — the so-called craniotabes. In 
some places meduUary tissue is formed, leading to a reproduction 
of fibrous connective tissue, instead of bone ; or already formed 
bone, through the intermediate medullary stage, passes into a 
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new formation of fibrous connective tissue, resulting in thinning 
of the bone. In other places the exuberant growth of medullary 
tissue causes a broadening of the diameter of the bone, with a 
scanty trabecular new formation of bone-tissue. Both the medul- 
lary and the newly formed connective tissue are supplied with a 
considerably larger amount of blood-vessels than is seen in the 
normal condition. 

The pathological condition is that of a plastic infiammation, in 
accordance with the views expressed by Virchow, and there is good 
reason to consider the process of rachitis as an inflammation. 

By feeding pups and kittens with lactic acid, rickets was 
induced, exhibiting in the osseous system features identical to 
those observed in rachitic children. 

Osteomalacia. This rare form of disease, which is always 
accompanied by intense pains, usually attacks the vertebral col- 
umn and the pelvic bones, though there are cases on record in 
which the whole skeleton was rendered as pliable as wax. 

Under the microscope we see a decalcification of fully formed 
bone-structure, usually of the compact portions, advancing in a 
way similar to the inflammatory process. The bone-tissue is 
transformed into medullary tissue, which in some places is distin- 
guished by a large quantity of blood-vessels. My researches 
enable me to state that the ultimate productions from medullary 
tissue are of two kinds : either colloid globules or simply fibrous 
connective tissue. 

In a femur of a woman who, during pregnancy, was attacked 
with osteomalacia, and died of the disease, the compact portion 
of the bone was reduced to the thinness of a pasteboard, and 
was very pliable. The central marrow space was filled with a 
smeary, grayish yellow mass, which, under the microscope, proved 
to be colloid — viz. : consisted of globular or irregularly shaped 
corpuscles of a luster similar to fat, but not yielding to the 
re-agents which dissolve fat. They resisted even the action of 
strong alkalies and acids which destroyed the bone-tissue proper, 
and assumed a dark purplish violet color upon being stained with 
chloride of gold. (Fat is unaffected by chloride of gold.) Within 
the globules radiating bodies were often seen, somewhat similar 
to the needle-shaped crystals of the so-called margarie acid. 
Between the globules scanty fibrous connective tissue with a few 
blood-vessels was noticeable. 

The origin of the colloid corpuscles could be traced in the thin 
compact shell of the femur, in which the lamellm were much 
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more marked than normal, evidently dne to a dissolution of the 
lime-salts during- life. Numerous medullary spaces, containing 
a varying number of colloid corpuscles, traversed the bone. 
Some of these bodies exhibited faint traces of the medullary cor- 
puscles which composed them ; others, in the initial stage of the 
colloid metamorphosis, were distinctly seen, consisting of medul- 
lary corpuscles, so that each colloid body might be considered 
as having originated from a group of coalesced medullary cor- 
puscles. In some places long 
rows of colloid corpuscles were 
noticeable, each of which re- 
sembled a territory with a 
condensed, peripheral colloid 
frame, and a central body, 
somewhat like a bone-corpus- 
cle. (See Fig. 168.) 

In the rib-bone of another 
woman, dead of osteomalacia, 
I found very large medullary 
spaces, which were filled partly 
with medullary and partly with 
fibrous tissue, and contained 
also a number of yellow-brown 
pigment clusters. These spaces 
were very vascular. In this 
case no colloid corpuscles could 
be detected. 

In dogs and cats, whose 
bones were artificially brought 
into the condition of osteomal- 
acia, all features described 
above as occurring in the mal- 
aeie femur of the woman were 
present, and especially the col- 
loid globules. These closely resemble fat-globules, but, never- 
theless, were an entirely different substance, as they did not yield 
to strong alkalies and acids, not even after being boiled with 
them. Chloride of gold stained them a dark purplish-violet 
color. The bones of the squirrel, which had been fed for thirteen 
months with lactic acid, had compact portions as thin as paper. 
They were, to a great extent, transformed into medullary and 
fibrous tissue; they contained a large number of blood-vessels 



Fig. 168. — Osteomalacia. Femuk of 
A Woman; Longitudinal Section. 
Chromic Acid Specimen. 

B, Lone-corpuscle ; X, distinctly marked la- 
melhe ; C, colloid corpuscles, arranged in a row. 
Magnified 500 diameters. 
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and pigment clusters, but no colloid corpuscles. Tlie resem- 
blance the case bore to the second case of malacic ribs was very 
striking. 


In conclusion, I wish to say a few words as to the withholdmg of lime 
food in the animals experimented upon. It was, in fact, only a reduction, 
hut not hy any means an entire cutting off of the lime supply. The dogs and 
cats were fed with fresh boiled meat, with fat, with milk and white bread ; 
but no bones w^ere given. The desire ‘of all these animals for lime food, 
during the treatment with lactic acid, was evident. The cats and dogs rushed 
for egg-shells, whenever they came within their reach ; the squirrel scraped off 
the kalsominiug from the wall so eagerly that its cage had to be removed 
from the wall, though its food was that suitable for squirrels. 

In a dog, in which osteomalacia had been induced, I produced a subcuta- 
neous fracture of the leg-bones. When the animal was killed, seven weeks 
after the fracture, the callus exhibited a marked cartilaginous new formation, 
but with only a scanty deposition of lime-salts and very limited new formation 
of bone near the injured bone-tissue. As in the above-named period the 
fr’actured bones of normal dogs invariably exhibited the formation of a 
defined cancellous bone-callus, in the dog treated with lactic acid the forma- 
tion of a bone-callus was obviously prevented. 

As to the case of the seven months foetus, completely destitute of bones, 
born of a woman who for months during her pregnancy had fed the animals with 
lactic acid, I wish to state that this woman must certainly have inhaled the 
vapors of lactic acid, more particularly if poured into the warm soup destined 
for the animals. The woman was otherwise healthy, and remained so after 
delivery ; nevertheless, it must be mentioned that, several years previously, 
she had given birth to a child which in eaidy childhood was slightly rachitic. 
The seven months foetus died of cerebral hemorrhage, which had evidently 
taken place during delivery, as the ^irotecting skull-bones were absent. 


2. Inflammation of Muscle. Trichinosis. 

Ill 1868,* I published a series of observations and experiments 
leading to the conclusion that the villi of the small intestine had, 
at their points, perforations which opened directly into the cen- 
tral lymph-vessel of the villus. The existence of these openings 
could not, however, be positively proved. If these were really an 
anatomical condition, we could easily understand how the embryo 
trichinae are transported from the cavity of the small intestine, 
first into the chyliferous duct and afterward into the vascular 
system. The trichinae could be carried with the blood, and fixed 

“Zur Keimtniss der Diiimdarinzotten.” Sitzungsber. d. Wiener Aka- 
demie d. Wissensch., Iviii., Bd. 1868. 
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as emboli in the tissue of striped muscles, at the points where the 
arteries merge into capillaries, which, owing to their rectangular 
division (see page 274, fig. 117), would retain the worms. Muscles 
which have a continuous motion and a markedly rectangular 
division of their blood-vessels — f. i., the diaphragm — would be 
the first to be invaded by the parasites, while muscles without 
this rectangular arrangement of the vessels — f. i., the heart — 
would not be apt to become trichinosed. 

The theory that the trichina embryos perforate the walls of 
the intestine, and thence migrate into the muscles, is highly 
improbable, as these parasites have no apparatus for perforating 
tissues. 

At the time before mentioned, I made in the Vienna Veterinary 
School a number of experiments for the purpose of observing 
trichinge in the chyliferous system of the intestine. I fed Gruiuea 
pigs with fresh trichinosed muscle ; but these experiments proved 
to be failures, as the animals became so rapidly affected after a 
few days that all of them died, and I looked in vain for embryonal 
trichinae in the villosities of their small intestines. 

As soon as the embryos of trichin® reach the muscle an 
inflammation of this tissue (myositis) sets in, which I have studied 
in all its phases. 

As to inflammatory changes of smooth nmscle^ we know, 
through the researches of Durante and others, that the spindles 
divide into rows of inflammatory corpuscles, which at first retain 
the general shape of the original muscle-spindles. Later, the cor- 
puscles break apart in the same way as those sprung from con- 
nective tissue. 

Inflammation of the striped muscles has, since 1851, often been 
the subject of microscopic researches. Some observers have 
asserted that only the nuclei of the muscle-fibers participate in 
the inflammatory new formation ; others, that both the nuclei and 
the contractile substance proliferate; again, others have denied 
any participation of nuclei or contractile substance, believing that 
both perish, and that the whole inflammatory new formation is 
due only to an emigration of colorless blood-corpuscles. Colberg 
especially, in 1864 asserted that in trichinosed muscles an increase 
of the nuclei occurs. Spina, one of the recent writers on the 
inflammation of muscle, based his views upon researches made in 
the frog’s tongue, which he had artificially inflamed ; he claims 
that the nuclei become much augmented, and that the contractile 
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substance itself breaks up into pns-corpnscles, and that from solid 
eaky masses, the product of the inflamed muscle tissue — red 
blood-corpuscles arise* 

The invasion of muscle-tissue is immediately followed by an 
inflammatory process, visible first in the perimysium. (See Fig. 
169.) The perimysium becomes thickened and more or less 
crowded with inflammatory cor- 
puscles. The basis-substance is 
liquefied, the tissue reduced to 
its juvenile condition, and the 
newly appearing medullary cor- 
puscles by increase of their liv- 
ing matter become augmented 
in the same manner in which 
fibrous connective tissue in gen- 
eral is affected by the inflamma- 
tory process. (See page 356.) 

The muscle-fibers in the ear- 
liest stages of inflammation are 
unaltered, but very soon a 
marked change takes place in 
certain portions, depending 
upon the location and number 
of the parasites. The process 
may attack single muscle-fibers 
in such a way that almost un- 
changed fibers lie close to those 
exhibiting highly advanced al- 
terations in their texture ; or 
even a single fiber may be 
normal in parts, and in parts 
invaded by the inflammatory 
process. 

The first noticeable change 
consists in an enlargement of 
the sarcous elements and a destruction of their regular arrange- 
ment, together with the appearance of a larger number of bodies, 
usually termed the nuclei of the muscle-fiber. These formations 


Fig. 109.— Striped Muscle from 
THE Leg op a Man, Recently 
Invaded by Trichina. 

F, tiicliina in front view ; ,S, trichina in side 
view. Magnified 200 diameter.s. 


* Arnold Spina. “ Untersnehungen liber die entzilndl. Veranderungen d. 
quergestreiften Muskelfasern.” Wiener Mediz. Jahrbueber, 1878. In tliis 
essay a fnll account of the literature of this subject is found. 
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being present in the middle of every muscle-fiber as well as at its 
periphery, in both situations clusters of nuclei are found, some 
of which have originated from former nuclei, while others are 
newly formed. A division and multiplication of the niiclei is 
inferred from the fact that we frequently find clusters of nuclei, 
exhibiting cleavage, or marks of division. 

The next change is that, by an increase of the bioplasson of the 
sarcous elements, solid lumps arise, which in turn are split into a 
reticulum and become nucleated, by the usual process of formation 
of reticular from solid bioplasson. Thus medullary or iufiamma- 
tory corpuscles become visible, arranged in clusters, which are 
unquestionably identical with those embryonal formations from 
which the striated muscle-tissue is developed. Instead of clus- 
ters of medullary corpuscles, sometimes multinuclear l^ioplasson 
masses are observed. These clusters are separated from each 
other by rims broader than those between the single medullary 
elements ; but all of these and all of the clusters remain uninter- 
ruptedly connected by means of delicate bioplasson filaments 
which traverse the interlying light rims. (See Fig. 170.) 

The clusters are arranged in rows, indicating that at first the 
sarcolemma remains unaltered. Afterward, however, it becomes 
liquefied, and the inflammatory corpuscles sprung from the 
muscle-tissue commingle with those produced by the peri- 
mysium, and in this manner more or less extensive masses of 
inflammatory corpuscles are formed, which are ‘bounded by 
relatively little changed muscle-fibers. 

A second change of the muscle-tissue consists in an enormous 
increase of the bioplasson of the sarcous elements, which, by 
confluence, produce irregular, caky, and globular masses of a 
high degree of luster, apparently destitute of structure and closely 
resembling fat. Former observers mistook these formations for 
the result of a degenerative process. According to Spina’s view, 
which is undoubtedly correct, they are the products of a progress- 
ive inflammatory change of the contractile muscle-tissue. 

These formations are not soluble in turpentine, therefore are 
not fat ; they are readily stained with chloride of gold, but not 
with carmine. Evidently, they are solid lumps of bioplasson in 
a juvenile condition, which, in 1872, I termed ‘^hgematoblastic.” 
From them originate, by division, a number of small solid parti- 
cles, each of which gives rise to a new inflammatory element, or, 
should the lumps break apart and become isolated, to red blood- 
corpuscles. Such corpuscles are often found in clusters within 
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the unbroken sarcolemina sheath, which plainly demonstrates 
that they are not the result of hemorrhage. 

After the inflammation abates, the medullary corpuscles give 
rise to a more or less extensive new formation of connective tis- 
sue, constituting a cicatrix in the middle of the muscle. Clusters 
of medullary corpuscles may again proceed to the forming of 



Fig. 170 . — Inflammatory Changes op Muscle-tissue After Eecent 
Invasion op Trichinhs. From the Leg of a Man. 

PiU, mflameil perimysium ; P, initial inflammatory cliange of muscle; 7, higli degree of 
inflammatory change ; L, homogeneous caky, and F, globular, masses of solid hioplassou ; C, 
capillary blood-vessel, with enlarged endothelia. Magnified 600 diameters. 


striated muscle-tissue, as was first maintained by C. 0. Weber. 
If, on the contrary, the filaments connecting the inflammatory 
corpuscles break, pus-corpuscles will be produced, and by their 
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presence establish an intramuscular abscess. I have observed 
this result after amputation of the tong-ne, for cancer, with the 
g’alvano-cautery. 

The cicatrix may, under certain conditions, become trans- 
formed into bone; and regular bone-plates are sometimes met 
with in muscle-tissue, Avhich, for a long period of time, was 
exposed to irritation. 

If, from the very beginning, the infiammatory process is con- 
fined to the perimysium, a hyperplasia of connective tissue will 

ensue, which is often mistaken 
for genuine hyperplasia of the 
muscle-tissue itself. 

In trichinosis, one of the re- 
sults of the plastic inflamma- 
tion is the formation of a hya- 
line capsule around the parasite, 
provided that the life of the 
patient is sufficiently prolonged 
for such a comparatively favor- 
able termination. How the cap- 
sule is formed I cannot say from 
direct observation. In old cases 
of trichinosis we find in the mid- 
dle of the capsule one, sometimes 
two, worms, coiled up with the 
well-known two and a half turns, 
shriveled and evidently saturat- 
ed with lime-salts. (See Fig. 
171.) 

The space between the tri- 
china and its capsule is filled 
with a granular deposit of lime- 
salts. Such depositions are fre- 
quently met with at the poles of 
the capsule, and sometimes they 
have a peculiar stratified appear- 
ance. In the vicinity of an en- 
cysted trichina we always find 
cicatricial fibrous connective 
tissue replacing the muscle fibers which were destroyed by the 
former infiammatory process, and the cicatrix, as a rule, con- 
tains a varying number of fat-globules. 



Fig. 171 . — Encysted Trichina in 
THE Pectoral Muscle of a Man. 


T, shriveled trichina, surrounded hy agran- 
ular calcareous mass and inclosed hy a hya- 
line capsule, C ; K, knob-like deposition ol' 
lime-salts at one pole of the capsule; F, vacu- 
oled fat-globules. Magnified 200 diameters. 
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3. Inflammation of Nerve-tissue. 

Inflammation of nerve-tissne is characterized by occurrences 
very similar to those observed in inflammation of connective 
tissue. All varieties of nerve-tissne — the gray substance, the 
ganglionic elements, the medullated and non-medullated nerve- 
fibers — first break down into medullary corpuscles, identical with 
those which in embryonal development took part in the produc- 
tion of nerve-tissue. 

The first step of the inflammatory changes in nerves, as in 
muscle-tissue, always starts in the supporting and acfeompanying 
connective tissue, which, being the carrier of blood-vessels, reacts 
most promptly to the irritation. Next follows the proliferation 
of inflammatory corpuscles arising from the nervous tissue, and 
the sum of the inflammatory new formation, so long as the 
continuity of the corpuscles remains unbroken, results in the 
production of a dense, indistinctly fibrous connective tissue, 
establishing the condition of sderosis in the tissues of the nerve- 
centers. Later, shrinkage of the newly formed connective tissue 
causes retractions on the surface of the brain, which process H. 
Kuiidrat terms porenceplmliti^. 

Should the inflammatory corpuscles break apart in the early 
stages of inflammation, the result will be a complete destruction 
of the tissue involved — i. e., the formation of an abscess. The 
wall of the abscess, again, may be built up by newly formed 
connective tissue. Such a combination of a formative and 
destructive inflammatory process is well illustrated by the fol- 
lowing article : 


Microscopical Studies on Abscess of the Brain. By H. G. 

Beyer, M. D., P. A. Surgeon U. S. Navy.* 

The subject of my studies is a brain, the history of which is published in 
the Transactions of the New York Pathological Society, vol. i., edited by 
John C. Peters, M. D. 

At a meeting of this society, held on January 13, 1875, Dr. J. Lewis 
Smith presented a specimen with the history, which is briefly as follows : 

Maggie, aged two years and six months, seemed in good health, was 
plump and well developed. On the evening of December 5th, she ate her 
supper as usual, and was placed in her crib, apparently in perfect health. At 
3 A. M. she was found in severe general ecclampsia. The general spasmodic 

*■ “Journal of Nervous and Mental Disease,” July, 1880. The essay is here reprinted 
in abstract. The term “ protoplasm ” is changed into that of “ hioplasson.” 
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movements continued with more dr less violence till 1.30 P. M., and in the 
muscles of the neck somewhat longer. 

‘‘At about 6 P. M., I found her lying quiet, rather stupid, but easily 
aroused. Her vision was evidently good, and she was conscious ; the pupils 
responded to light, and the direction of the eyes was normal ; pulse 104 ; no 
cough ; respiration and temperature normal. There was no apparent loss of 
motion of the muscles of the face, but the right arm and legs were paralyzed, 
though the palsy was not complete. The great toe flexed on tickling the 
sole of the foot, but the foot itself showed little or no motion ; but on attempt- 
ing to flex the leg, which was extended, some rigidity of the muscles was 
observed. At times, the patient produced slight movement of the thigh upon 
the trunk. I think, during the two or three days succeeding the convulsions, 
sensation in the right limbs was not entirely lost, though greatly enfeebled.. 
Subsequently paralysis in the right limbs, both of the nerves of sensation and 
motion, became nearly or quite complete, and continued so until death. 
Nevertheless, tickling of the sole of the foot caused some movements of the 
great toe. On the left side, sensation and motion were perfect. 

“ December 9th. Has vomited to-day for first time; apparently sees well, 
and the appearance of the eyes is normal ; has no retraction of the head or 
rigidity of the muscles of the neck, nor along the spine ; pulse 9 6 ; tempera- 
ture normal ; lies quiet with eyes shut ; is stupid and not particularly fretful 
when aroused ; her bowels moved regularly. 

“December 11th. Continued to vomit at intervals; pulse 68. 

“ December IGth. Pulse 80, temperature 100; vomited once yesterday^ 
not to-day ; lies in a constant doze. 

“ December 18th. Moans at times, as if in pain; pulse ISO, temperature 
100° F. 

“December 19th. Pulse 180, temperature 103°; there is convergent 
strabismus, and her eyes have a wild, almost insane, look ; but she can see, 
and grasped, hurriedly, a percussion hammer presented towards her. Para- 
lysis of nerves of motion and sensation in the right extremities nearly com- 
plete ; slight movement could still be induced in the great toe by titillation ; 
the vomiting has ceased ; tongue covered with a thick fur ; movements of the 
bowels pretty regular; has a slight cough, such as is common in cerebral 
disease. 

“ December 22d. Lies quietly on her side in perpetual slumber, with eyes 
constantly shut ; pulse 118, temperature lOl^*^ ; the bowels still moved nearly 
normally. The pupils, when exposed to the light, were seen to oscillate, but 
are constantly more dilated than in health ; the urine passes freely. Has, at 
intervals, circumscribed flushing of the features. 

“ December 24th. Pulse intermittent ; pupils dilated. 

“December 25th. Died in profound stupor to-day, having lived nineteen 
days fi*om the commencement of the malady. 

“Autopsy. On removing the calvarium and dura mater, which presented 
no unusual appearance, the vessels of the pia mater were found rather more 
injected than common. The cerebro-spinal fluid was scanty, and the surface 
of the brain rather dry. The vertex of the left hemisphere was unusually 
prominent, rising perhaps half an inch higher than that of the opposite side. 
At the highest point, which was about one inch and a half from the median 
line, was a circular yellowish spot upon the surface of the brain, about one 
and a half inches in diameter. Pressure upon the spot, made lightly, com- 
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municated the sensation of a large cavity underneath, filled with liquid, 
and approaching to within two or three lines of the surface. There was no 
adhesion or exudation at that point ; and the surface of the brain appeared 
entirely normal, except slight cloudiness of the pia mater at the base of the 
brain, a little posterior to the optic commissure. The incised surface of the 
brain, at a distance from the abscess, showed no increase of vascularity. The 
right hemisphere appeared in every way normal, except that its lateral ventri- 
cle was filled with pus, but not distended. 

“On the left side, occupying the center of the hemisphere, was an abscess 
as large as the fist of a child of two years, extending from within two to three 
lines of the vertex, where its site corresponded with the yellow spot on the 
surface of the brain, to the roof of the lateral ventricle. Through this roof 
the abscess had burst, filling and distending the ventricle with pus, and thence 
making its way into the lateral ventricle of the right hemisphere. The whole 
amount of pus contained in the abscess and the two ventricles was perhaps 
two ounces. 

“ The walls of the left lateral ventricles were much softened, the upper 
part of the corpus striatum and thalamus opticus being nearly difliuent. 
The walls of the right lateral ventricle were slightly softened, but to a less 
depth. The parietes of the abscess, which extended from the roof of the 
ventricle to the vertex, as already stated, were indurated to the depth of one 
and a half lines, except at the base of the abscess, which corresponded with 
the roof of the ventricle, where softening had occurred. The spinal cord, so 
far as it could be examined from the cranial cavity, had the usual vascularity, 
but was slightly softened. 

“The cause of the encephalitis from which the abscess resulted was 
obscure. The inflammation, so far as could be ascertained, was idiopathic. 
There was no history of otitis, which is one of the most frequent causes of 
cerebral abscess ; nor of heart disease so as to produce embolism. It seems 
probable, since there was no fever till about the fourth day after the convul- 
sions, that an abscess had primarily occurred in the hemisphere between the 
roof of the ventricle and the vertex — possibly some weeks previously. The 
bursting of this into the lateral ventricle, and the constitutional disturbance, 
inflammation, and softening to which these would inevitably give rise, affords 
sufficient explanation of the history of the case, after the commencement of 
the convulsions.” 

The specimen was kept in a very dilute solution of chromic acid for several 
months, after which time it was hardened in alcohol and imbedded in a mix- 
ture of paraffine and wax, whereby care was taken to enclose mainly the wall 
of the abscess and its immediate surroundings. Previous to the beginning 
of my studies, a certain number of sections had been made of the wall of 
the abscess itself, as well as from other parts of the brain, such as the cere- 
brum, the cerebellum, the medulla oblongata, and the gray matter. These 
sections everywhere had been found holding a large number of so-called amy- 
laceous corpuscles, exhibiting all the characteristic chemical and morpholog- 
ical features of these formations. No other changes could be traced out, 
nor did the blood-vessels show any anomalous conditions, excepting the capil- 
laries, which were found dilated and choked with blood-corpuscles within the 
inflammatory focus, as well as in its neighborhood. 

I made a number of sections, both from the wall of the abscess and the 
surrounding portion of the brain, which sections embraced the gray matter of 
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the corpus striatum, thalamus opticus, the cortex of the left hemisphere, also 
the white substance of the same, which, as is evident from the history, was 
the seat of the abscess. The specimens thus obtained were stained, partly 
with an ammoniacal solution of carmine, partly, after thorough washing out 
with distilled water, with a one-half per cent, solution of chloride of gold. The 
dilferent sections were mounted in glycerine, diluted with distilled water — this 
method of mounting, as experience teaches, being far superior to the method 
of mounting in Canada balsam or dammar varnish. While glycerine-mounted 
specimens, if taken from properly hardened mateiual, keep almost any length 
of time, never losing their sharp and definite outlines of detail, Canada balsam 
specimens, on the contrary, very soon become so transparent that their 
minute details are completely lost to sight, and only the coarser formations 
remain distinguishable. Canada balsam specimens, therefore, are fit for 
lower powers of the microscope only; they are worthless for a power 
exceeding 400 diameters, or for any power intended to give a display of the 



Fig. 172. — Wall of an Abscess op the Brain. 
Transverse Section. 


F, layer of fibrous connective tissue with scanty blood-vessels, bounding the abscess ; M, 
layer of myxomatous connective tissue, with numerous capillary blood-vessels ; W, white 
substance of the brain, with numerous largo blood-vessels. Magnified 200 diameters. 

more minute anatomical features. Our lack of knowledge of the minute 
pathological anatomy of the central nervous organization is mainly due to the 
method of mounting in Canada balsam. 

The subject of these investigations will be treated under the four follow- 
ing heads, namely : Inflammatory changes of — 

(1) Wall of abscess; (2) white substance; (3) non-medullated nerve- 
fibers ; (4) gray substance. 

(1) Wall of Abscess. Transverse sections through the wall of the abscess, 
which in different places varied in width from one to two millimeters, exhib- 
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ited the following characteristic features. (See Fig. 172.) A layer of fibrous 
connective tissue forms the boundary of the abscess, its innermost portion 
presenting a somewhat jagged appearance, due to a number of attached pus- 
corpuscles. The bundles of connective tissue in this situation were partly 
infiltrated with, partly transformed into, pus-corpuscles, and were arranged 
in the shape of rows, between which a scanty basis-substance was traceable. 
In their general direction, these rows corresponded to that of the bundles in 
the subjacent tissue stratum, which was built up by dense bundles of fibrous 
connective tissue in a more or less parallel course, and with but few decus- 
sations inclosing narrow, oblong 
spaces. These connective-tissue 
fibers held a large number of small 
spindle-shaped and a somewhat 
larger number of globular bioplas- 
son bodies, the former representing 
what has been termed connective- 
tissue corpuscles, the latter in- 
flammatory elements. The meshes 
between the bundles contained 
granular layers of bioplasson, 
with a number of inflammatory 
elements, and also- a moderate 
amount of capillary blood-vessels. 

In this layer, all stages of newly 
developing connective tissue could 
be obsex’ved ; clusters of medullary 
or inflammatory elements ; clus- 
ters in which these elements had 
already assumed an oblong or 
spindle shape ; delicate spindles, 
closely packed together and trans- 
formed into basis-substance, with 
a relatively small number of bio- 
plasson bodies left. 

Beneath the above described 
layer of fibrous connective tissue, 
the so-called membrana pyogena 
of the older writers, there followed 
a broad layer of connective tissue, exhibiting all the characteristics of the 
variety termed myxomatous. The connective-tissue bundles, while dense in 
the innermost layer, had become loose in the myxomatous portion, changing 
to a more or less vertical course, and inclosing large meshes of a homogeneous 
basis-substance. The coarser bundles formed strings, which by inosculating 
with each other produced a reticulum, built up almost exclusively by spindle- 
shaped elements, partly transformed into basis-substance. 

Within the meshes of this reticulum is contained a very delicate fibroxis 
connective tissue, with xxumerous, maixxly spindle-shaped, bioplasson bodies; 
large fields of the xneshes hold an almost homogeneous or very slightly gran- 
ular basis-substance. (See Fig. 173.) A xxumber of capillary blood-vessels 
of a coixsiderable size, aixd pax’tly filled with x’ed blood-cox’puscles, were also 
xxxet with. The exxdothelia of these capillaries were very lax’ge, axid fouxxd 



Fig. 173. — Wall of an Abscess op the 
Brain. Transverse Section. 


F, layer ot fibrous connective tissue ; V, nests 
of inedullary elements, ai)i)arently pioduced bj- 
the proliferation of the endothelia of former blood- 
vessels ; M, myxomatous portion, in the meshes 
ot which numerous medullary elements are im- 
b(.'dded, either in a delicate fibi'oiis reticulum, or 
in a light, homogeneous basis-sub.stance. Magni- 
fied 500 diameters. 
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to take up the carmine stain much more readily than endothelia under normal 
conditions. Around the wreath formed by these endothelia, in many instances, 
a light space was present, which space was enclosed by a collection of spin- 
dle-shaped bodies — the perivascular sheath. Outside of this myxomatous 
layer of connective tissue, in the wall of the abscess, is seen the white sub- 
stance, bounding the layer of connective tissue in a very nearly straight line, 
and considerably altered in structure, as will presently be described. In 
addition to the above-described changes within the wall of the abscess, one of 
the most striking phenomena exhibited in some of my specimens is the retro- 

gi’ade movement of already newly formed 
capillary blood-vessels into their embryonal 
state — namely, the dissolution of their walls 
into medullary or embryonal or indifferent 
elements, resulting in the formation of solid 
connective-tissue bundles. 

(2) White Substance. The white substance 
around the abscess, as mentioned above, was 
in the condition of softening, and, even after 
careful preservation of the specimen, difficult 
to cut. With lower powers of the microscope, 
in the immediate vicinity of the abscess, the 
capillary blood-vessels of the white substance 
were seen to be considerably dilated and en- 
gorged with blood-corpuscles. The perivas- 
cular space, in many instances, was also 
dilated, and filled with a finely granular, evi- 
dently serous or albuminous, exudation. The 
changes in the nerve-tissue were best marked 
on the periphery of the blood-vessels. The 
nerve-fibers had lost their myeline-sheath to 
a considerable degree, and their axis-cylind- 
ers lay either bare or were surrounded by a 
layer of a faintly reticular bioplasson, which 
again was bounded by a thin homogeneous 
or granular sheath. Owing to a want of di- 
rect observation I am not enabled to tell 
what really had become of the myeline. It is, however, very probable that 
during the initial stages of the inflammatory process the myeline is dissolved 
out. 



Fig. 174. — Axis - cylinders 
FROM THE Boundary be- 
tween THE Gray and 
White Substance. 

H.1, rosary-like, club-shaped, 
enlargement of the axis-csTinder ; 
A3, medullary elements arisen from 
tlie breaking aiiart of the axis-cylin- 
der ; JV, nucleus of the gray substance 
in proliferation ; V, vacuole. Magni- 
fied 1200 diameters. 


In many places the white substance was transformed into a finely granular 
mass, in which bioplasson bodies, so-called medullary elements, could be 
traced out, alternating with groups of shining homogeneous granules and 
relatively little changed nerve-fibers. 

Higher powers of the microscope gave a complete series of the changes of 
the axis-cylinders, which had led to the formation of medullary elements.. 
(See Fig. 174.) First, the axis-cylinders exhibited delicate nodular enlarge- 
ments and, at certain irregular intervals, a more regular rosary-like arrange- 
ment. In certain districts the axis-cylinder was transformed into a relatively 
coarse, shining, beaded fiber, also presenting a great many club-like enlarge- 
ments. Next, some of the granules alongside the axis-cylinders appeared 
enlarged, and were provided with delicate vacuoles ,* and, lastly, the axis- 
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cylinders were transformed into a chain of pale hioplasson bodies, the so- 
called medullary or inflammatory elements. 

Within the inflamed portion of the white substance were observed numer- 
ous varicosities, each of which was in direct connection with an axis-cylinder. 
In majiy instances, the interior of these varicosities could be made out to be 
of a delicate reticular structure ; they were invariably bounded by a dense 
and homogeneous layer, continuous with the axis-cylinder. All the forma- 
tions of the above description were uninterruptedly connected with each other 
by extremely delicate threads. 

In some places small abscesses had formed outside the wall of the main 
abscess; these abscesses were detected only with the microscope. In such 
localities the medullary elements had assumed a more uniform size, a some- 
what coarser granulation, and, having also lost their mutual connections, they 
were transformed into pus-corpuscles. As a matter of course, that portion of 
the white substance which had undergone such a change into pus-corpuscles 
was devoid of blood-vessels. The manner in which blood-vessels are lost, 
shortly before the tissues break down and are transformed into pus, was 
easily traceable in the neighborhood of such small abscesses. The endothelia 
of both the blood-vessel and the perivascular sheath became considerably 
enlarged, coarsely granular, or were supplied with at least several large 
shining granules, which might justifiably be considered as newly formed 
nuclei. By a process of splitting of the enlarged endothelia into medullary 
elements, the caliber of the blood-vessel, as well as of the pei’ivascular 
sheath, became obstructed, and thus, what formerly had been a capillary, 
now was seen to have become transformed into a row of medullary elements. 
These at first remained in connection with each other by means of delicate 
processes, traversing the newly formed cement-substance, afterward broke 
apart and became pus-corpuscles, in shape and size fully identical with those 
sprung from other portions of the inflamed tissue. 

The above-mentioned varicosities of the nerve-fibers, by different authors 
are considered as post-mortem changes, and due to an irregular coagulation 
of the myeline. The varicosities which I have described here have nothing 
to do with myeline, but are formations of the axis-cylinders themselves, and 
due to structural changes in the substance of these axis-cylinders proper — 
\flz., enlargement of the thread, exhibiting the ordinary structure of bio- 
plasson, and in close connection with the inflammatory changes of the nerve- 
fibers in general. 

These changes in the axis-cylinders can be understood only if we look 
upon the latter as formations of living matter. In the inflammatory process, 
the granules of living matter in bioplasson bodies increase in size, some- 
times to such an extent that the body is transformed into a shining, homo- 
geneous lump, which readily divides into smaller particles, each of which in 
turn may become a medullary element. The axis-cylinders, being formations 
of living matter, also become coarsely granular, beaded, or rosary-like, and 
each one of these granular eidargements may give rise to a new medullary 
element, eventually a pus-corpuscle. In this manner we understand the 
formation of rows of medullary elements and of pus in the middle of the 
white substance of the brain. 

Ever since J. Cohnheim asserted that the main, if not the only, source of 
inflammatory elements and pus-corpuscles are the emigrated colorless blood- 
corpuscles, some authors had entirely overlooked the changes taking place 
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ill the constituent elements of an inflamed tissue. Nobody, nowadays, is 
intending to deny the emigi’ation of colorless blood-eorpnscles from capillary 
blood-vessels and small veins during the inflammatory process. Specimens 
obtained from the brain under consideration, by the immediate transportation 
of softened parts of the white and gray substance under the microscope, 
plainly demonstrated the existence of such a process. Along the wall of an 
enormously enlarged and engorged blood-vessel were seen colorless blood- 
corpuscles of a club shape, with one blunt extremity still in the caliber of the 
blood-vessel, with a thin pedicle still embedded in its wall, with the other 
blunt extremity protruding outside the periphery of the blood-vessel. Not 
infrequently a colorless blood-corpuscle was seen to be attached to the wall of 
the vessel by means of a slender pedicle, the main mass of the corpuscle being 
outside the wall of the blood-vessel or wdthin the lumen of the perivascular 
space. There cannot be any doubt that the emigrated colorless blood-cor- 
puscles share in the formation of pus-corpuscles, yet I lay stress upon the 
fact that the main source of inflammatory elements and pus-corpuscles must 
be looked for in the living substance of the inflamed tissue itself. More espe- 
cially in the white substance of the brain under consideration, all the stages 
were traceable, from the granular enlargement of the living matter of an axis- 
cylinder up to the complete development and formation of inflammatory ele- 
ments and pus-corpuscles therefrom. 

(3) Non-medullated Nerve-fibers. A certain portion of my specimens, which 
was taken from the vicinity of the abscess, exhibited a large number of non- 
medullated nerve-tibers in bundles cut longitudinally and transversely. In 
the longitudinal bundles, the gray nerve-fibers were so closely packed together 
that but a very faint striation could be traced out. In the midst of such bundles 
there were numerous nests of medullary elements, of a prevailing oblong shape, 
and independent of any blood-vessels. Around these nests the following 
changes in the non-medullated nerve-fibers could be made out : First, the 
nerve-fibers had assumed a beaded or rosary-like appearance ; next, they had 
become spindle-shaped and coarsely granular ; after this, evidently from an 
increase in the size of the granules, the nerve-fibers had been transformed 
into an oblong cluster of bioplassou, within which, through the formation of 
a separating cement-substance, medullary elements made their appearance, 
in clusters, still retaining their spindle shapes. Lastly, a number of such 
spindle-shaped nests had coalesced, and rows and clusters of medullary ele- 
ments could be seen, separated from each other only by a small number of 
unchanged non-medullated nerve-fibers. 

Wherever such a transformation of nerve-fibers into clusters of medullary 
elements had taken place in a larger district, the result was the formation of 
an inflammatory nest, in which the elements were connected with each other 
by delicate threads. I have not seen an abscess in the middle of non-medul- 
lated nerve-fibers, but it is obvious from what I said before, that through the 
breaking apart of these medullary elements, as yet connected by delicate 
threads, pus-corpuscles may arise. 

I claim, basing myself upon direct observation, that inflammatory foci, 
with crowded inflammatory elements, can arise from direct changes of the 
bare axis-cylinders constituting non-medullated nerve-fibers, independently 
of either blood-vessels or emigration of colorless blood-corpuscles. 

(4) Gray Substance. In the vicinity of the abscess of the brain, I have met 
with a number of changes in the gray substance. First, the points of inter- 
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section of the living matter were enlarged, wherefrom resulted a coarse 
gi’anulation of the gray substance. In many places, with the highest powers 
of the microscope, the points of intersection of the reticulum were clustered 
together to such an extent that lightly granxdar, nearly homogeneous, groups 
appeared, each of which was surrounded by a light rim. Owing to an aug- 
mented afflux of nourishing material, the formations of living matter had 
evidently very much increased in size, and by approaching each other pro- 
duced densely granular or homogeneous lumps of living matter, with the 
appearance of indifferent or medullary elements. In certain places, the whole 
mass of the gray substance had been transformed into such medullary cor- 
puscles, between which bundles of non-medullated nerve-fibers and blood- 
vessels, mainly capillary in nature, were still recognizable. 

The nerve-fibers traversing the gray substance were mostly increased in 
size, and transformed into beaded fibers or chains of small homogeneous 
lumps. The blood-vessels, besides being completely obstructed with red 
blood-corpuscles, exhibited changes in their endothelial walls identical with 
those described above in connection with the white substance. 

The nuclei of the gray substance were mostly very coarsely granular; the 
nucleoli especially had increased in size, and looked as if split up into a num- 
ber of coarse granules. More especially in the carmine-stained specimens I 
often observed larger spaces, identical with the periganglionic space, either 
empty or holding extremely delicate granules. These spaces, so-called vacuoles, 
very probably had formed by an accumulation of a serous exudation around 
the nuclei, by which either a certain amount of the surrounding gray substance 
was pushed in a peripheral direction, or a certain amount of living matter 
destroyed. The fine granules within the above spaces, consequently, were 
either coagulated albumen or remnants of the former reticulum of living 
matter. 

. New formation of nuclei in the inflamed gray substance is of very common 
occurrence. Within the spaces just described I sometimes saw one large and 
two or three small nuclei, which, being in contact with their flattened sxxr- 
faees, looking toward each other, allow of the conclusion that they had origi- 
nated by a process of division of the original single nucleus. 

New formation of nuclei, doubtless, takes place independently of former 
nuclei in the gray snbstance. I have seen repeatedly clusters of bioplasson 
near the wall of the abscess, with irregular outlines and holding a large num- 
ber of oblong nuclei. Such multi-nuclear masses are evidently produced by 
the confluence of bioplasson bodies (emigrated colorless corpuscles — Ziegler),, 
or by the formation of territories previous to their division into inflammatory 
elements. 

The ganglionic elements within the inflamed brain-tissue exhibit a series, 
of changes of great interest. Nearest to the abscess a number of ganglionic 
elements had swelled and been transformed into almost homogeneous, indis- 
tinctly granular bodies, still characterized by the presence of offshoots and a 
deep carmine stain. No doubt, the swelling of these elements is due to an 
inundation with exudation, which leads to a stretching and breaking apart 
of the reticulum of living matter therein. 

The capillaries of regions where such swelled ganglionic elements are 
numerous are considerably dilated, their endothelial coat is partly thinned, 
partly thickened, by endogenous new growth, and their perivascular sheath 
enormously widened. In this space I have seen faint granules and pale gran- 
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ular bioplasson bodies of the size of colorless blood-corpuscles, indicating that 
immigration of such corpuscles had taken place. 

In other portions of the gray substance a marked proliferation of the gang- 
•lionic bodies can be observed. There are bodies with enlarged and beaded 
nucleoli, bodies with two or three isolated nucleoli, bodies with two or three 
coarsely gi’anular nuclei, sprung from a division of the original nucleus, as is 
proved by the presence of facets, where the nuclei lay against one another. 
(See Fig. 175.) Many ganglionic elements are transformed into coarsely 
granular, nearly homogeneous, lumps, and split into smaller lumps, varying in 

number from two to seven or eight. 
The clusters of bioplasson bodies 
are gi-ouped together in such a way 
as to retain the general shape of 
the ganglionic body, considerably 
enlarged. The offshoots of these 
elements are in many instances 
still recognizable as being either 
enlarged and coarsely granular or 
broken apart into rows of bioplas- 
son bodies. 

As to the origin of medullary 
elements within the ganglionic 
bodies, I can state positively that 
they have originated by a process 
of endogenous growth from the 
bioplasson of the ganglionic bodies 
themselves. First, the living mat- 
ter was increased, hence we explain 
the coarsely granular and homo- 
geneous looks of such an element ; 
next, marks of division had formed 
by the division of living matter into 
angular lumps, closely packed to- 
gether so as to flatten each other, and separated by a thin layer of fluid, which 
everywhere was traversed by delicate conical offshoots, miinterruptedly con- 
necting all newly formed lumps with each other. Some of these lumps, 
apparently, had further advanced in development than others ; while some 
looked still shining and homogeneous, others were already coarsely granular, 
and presented a marked formation of a nucleus and a nucleolus. Again, all 
these formations, granules, nucleolus, and inclosing shells are united by 
delicate threads. 

Lastly, the whole ganglionic element and its offshoots had broken apart 
into medullary or indifferent corpuscles, which, so long as they remain united 
to one another by delicate threads of living matter, represent an indifferent, 
medullary, or inflammatory tissue, identical with that arisen from the gray and 
white substance of the brain. If, on the contrary, the uniting offshoots be 
torn, the isolated medullary elements will produce pus-corpuscles, and an 
accumulation of such corpuscles gives rise to what is called an abscess. In 
the pus taken from the abscess of the brain under consideration, besides pus- 
corpuscles, a large number of bioplasson bodies were found suspended in 
the fluid, in size considerably exceeding that of ordinary pus-corpuscles. 



Fig. 175 .— Inflammatory Changes of 

THE GtANGLIONIC ELEMENTS OP THE 

Gray Substance of the Brain. 


G'l, coarse sraiinles and new imclei in the hody 
of the ganglionic element ; si)litting of the 
ganglionic element on its iieripheral portion ; C?*, 
the whole hody transformed into medullai-y ele- 
ments ; A, axis-cylinder exhihiting the same 
change. Magnified COO diameters. 
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These large bodies exhibited all stages of endogenous formations and prolif- 
erations of living matter, sufficiently indicating their origin from the gang- 
lionic elements of the gray substance of the brain. 

The literature on the subject of my studies is extremely sterile. No exact 
observations, at least to my knowledge, have as yet been made on acute 
encephalitis and suppuration of the brain substance. Only one point has so 
far been called attention to, and this is the proliferation of the ganglionic 
bodies of the gray substance. Th. Meynert * first noticed a proliferation of 
the nucleoli and nuclei of ganglion elements. E. Fleischl t found a division of 
ganglionic bodies, though not in a strictly inflammatory process, but in a brain 
involved in the formation of a tumor. A. R. Robinson t produced inflamma- 
tion in the ganglia of the sympathetic nerve around the aorta of the frog, and 
observed a division of the ganglionic elements from the formation of a furrow 
on the surface to the complete division into small particles. The division 
may involve only a part of a ganglionic body, the rest remaining normal, or it 
may invade the whole. Analogous transformations were also observed in the 
elongations of the ganglion cells. 

Andrea Cecchirelli § produced traumatic lesions in the large hemispheres of 
the brain of a chicken and of rabbits. He saw enlarged and granular “ gang- 
lion cells ” within the inflammatory focus, and came to the conclusion that the 
nuclei had increased in number and that the whole ganglion cell,” by divi- 
sion, had been transformed into smaller elements. 

The results of my own observations can be summed up in the following 
points : 

(1) The gray substance of the brain, by the inflammatory process, is trans- 
formed into inflammatory or medullary elements, in the production of which the 
nuclei and ganglionic bodies also share. Non-medullated nerve-fibers, through 
an increase of living matter in the axis-cylinders, are likewise transformed into 
medullary elements. The same results are produced in inflammation of the 
white substance of the brain, after the dissolution of the myeline. 

(2) The medullary elements, sprung from the gray or the white substance 
of the brain, are transformed into connective tissue, either myxomatous or 
fibrous, and thus the wall of an abscess in the brain is the result of the reduc- 
tion of the brain tissue first into medullary corpuscles, next into myxoma- 
tous, and lastly into fibrous connective tissue. 

(3) Medullary elements, irrespective of which particular nerve-element 
they had originated, when broken apart,' constitute pus-corpuscles, and, 
therefore, the contents of an abscess of the brain. In the fluid of the abscess 
clusters of bioplasson bodies are seen, proving a transformation of ganglionic 
elements into pus-corpuscles by a process of endogenous new formation and 
subsequent division of living matter. All the stages of this process are 
observable within the ganglionic bodies of the inflamed gray substance itself. 

(4) The endothelia of the blood-vessels become enlarged, coarsely granu- 
lar, and proliferating in the process of inflammation of the brain-tissue. New 
blood-vessels are formed in the wall of the abscess. A consolidation of the 

* “ Viertelja)irsc}irift fiir Psycliiatrie,” 1867. 

i “Med. Jalirbiiclier,” 1872. 

t “ Ueber die eutziindliclien Veranderungen der Ganglionzelleii des SymiiatMcus,” Med. 
Jalirbiioher, 1873. 

? “ Ein Beitrag zur Keimtni.ss der entziindliclien Verauderungen des Gehirnes,” Med. 
Jalirbiiciier, 1874. 
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blood-vessels, on the contrary, and a breaking up of their endothelia into 
medullary elements, afterward pus-corpuscles, takes place whenever the 
tissue is destroyed by suppuration. Pus is mainly a product of the inflamed 
tissue itself, and not of emigration of colorless blood-corpuscles. 


4. Inflammation of Epithelia and Endothelia. 

Epithelia and endothelia, being formations of living matter, 
respond in a very active manner to irritation. The changes of 
this tissue are not primary, as the inflammation invariably starts 
from the subjacent vascularized connective tissue. Even in mild 
cases of inflammation in connective tissue, the presence of an 
exudate can be demonstrated, which constitutes the condition 
known as ‘‘oedema.” The surplus nourishing material is carried 
into the epithelia and endothelia from the blood-vessels, even 
though the irritating agent should be brought in direct contact 
with the epithelial or endothelial investment. 

The inflammatory changes in this tissue, as in every other, 
consist in ^,n increase of the living matter ; the elements become 
what is termed “ coarsely granular,” or assume the “ condition of 
cloudy swelling.” If the inclosing shell of cement-substance is 
not immediately liqnefled, a marked endogenous new formation of 
corpuscles takes place, resulting in the appearance of the so-called 
“mother cells” — i. e., bioplasson bodies, containing a varying 
number of inflammatory elements, in all stages of development. 
We can trace the new formation of these elements from the coarse 
granides to the large homogeneous lumps, and. Anally, to the 
nucleated plastids (see page 46). If, on the contrary, the cement- 
substance is liqnefled in the early stages of inflammation, the 
living matter herein present — i. e., the connecting fllaments 
(“thorns”) — is enlarged, and shares in the new formation in 
the same manner, as observed within the epithelial or endothelial 
elements. First, a number of these elements coalesce, and form 
large clusters of bioplasson, containing a varying number of 
nuclei and a large quantity of coarse granules, which, passing 
through the phases of bioplasson development, result in the 
production of inflammatory corpuscles. The flnal result of the 
inflammation is different, according to the plastic or formative.! 
or the suppurative nature of the inflammatory process. 

In plastic inflammation, the newly formed medullary or in- 
flammatory corpuscles remain interconnected, and, becoming 
fusiform, give rise to new formation of connective tissue. The “ cirr- 
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hotic” condition of the kidneys and the liver, f. i., is caused 
by the transformation of the epithelia into connective tissue, 
through the intermediate stage of medullary tissue. In suppura- 
tive inflammation, on the contrary, the connection of the medul- 
lary elements, which originated in the enlarged epithelia and 
endothelia, is broken, and the medullary plastids, now termed 
pus-corpuscles, are freed either by active emigration or by the 
contraction of the bioplasson of the parent body, which remains 



Fig. 176. — Beginning op the Pustular Stage in Hemorrhagic 
Small-pox. 

B, formation of homogeneous lumi)s from tlie hioplasson of tlie cuboidal epithelia ; E, 
homogeneous amt vacnoled lumps suspended in a finely granular, albuminous liquid. C (left), 
ledges of former cement-substance, the bioplasson of which has considerably increased in 
bulk ; C (right), deepest layers of epithelia, compressed and rendered spindle-shaped, also 
■with commencing Increase of bioplasson. O, papillary layer, tlatteued and in the condition of 
cedematous swelling. Magnified 600 diameters. 

comparatively little changed. The parent body itself, after the 
evacuation of the pus-corpuscles, presents a fenestrated appear- 
ance, with a varying number of vacuoles, indicating the location 
of the pus-corpuscles, or an apparently empty shell, pierced by 
delicate septa. All these formations are easily traced in the 
vesicular and pustular stages of smaU-pox. (See Fig. 176.) 

Surface epithelia,* if present in a single layer, are readily cast 
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off from the underlying membraneous connective tissue, and in 
the secretions are found to exhibit different degrees of an endo- 
genous new formation of bioplasson. In the case of stratified 
epithelia, the outermost are shed off without marked changes, 
their bioplasson being lost in a horny metamorphosis. Some- 
times the nuclei in these epithelia are seen to be homogeneous 
or coarsely granular, indicating that these formations are still 
endowed with a certain degree of vitality. The euboidal epithelia 
of the middle, and the columnar epithelia of the deepest, layer 
show, in the most marked manner, the inflammatory changes 
described above. 

Whether or not lost epithelia can be replaced by a new forma- 
tion arising from the subjacent connective tissue is still an unset- 
tled question, notwithstanding the numerous experiments which 
have been made. It is also unknown how the new formation of 
epithelia proceeds from former epithelia, although it probably 
takes place in the same manner, as will be described later on, in 
the article by L. Elsberg on papilloma — viz., from wedge-shaped 
bioplasson masses, springing from coalescence and growth of 
the inter-epithelial connecting filaments prickles ”), imbedded 
in the cement-substance. That such a new formation is 
actually and rapidly going on is illustrated by the catarrhal 
inflammation of mucous membranes, in which great quantities of 
epithelia are lost, and again replaced after the inflammation has 
subsided. The cast-off epithelia of single layers are probably 
never completely restored. 

A third series of changes of epithelia is observed in fibrinous 
or croupous inflammation. Here the epithelia are imbedded in, 
and saturated with, the exudate, and are either completely 
destroyed or only their nuclei are left. Such a destruction of epi- 
thelia takes place in the croupous inflammation of mucous mem- 
branes (Wagner) and in the croupous inflammation of the kidneys. 
The production of tubular casts in the latter disease is largely 
due to a degenerative metamorphosis of the epithelial elements 
of the uriniferous tubules. 

Cornil and Ranvier were the first who maintained that in 
inflammation the endothelia are enlarged, and their nuclei divide 
and become the source from which pus-corpuscles are formed. 
The inflammatory changes of the endothelia of the peritoneum 
(omentum) have been studied most accurately by H. Kundrat. 
He noticed first a loss of the cement-substance, in place of which 
scattered globular bodies were seen. Next, enlargement and 
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division of the nucleoli and the nuclei of the endothelia followed. 
In recent peritonitis he found large multinuclear bodies, whjch 
greatly surpassed in size single endothelia, and in purulent peri- 
tonitis a marked new formation of inflammatory corpuscles, aris- 
ing from the endothelia and leading to the formation of pus- 
corpuscles ; but, probably, not aU of these corpuscles are offspring 
of endothelia. Kundrat was the first to maintain that from the 
endothelia of the peritoneum, in chronic, plastic peritonitis, con- 
nective tissue arises, which leads to the formation of vegetations ; 
and that this process takes place in two ways : either the endo- 
thelia themselves become spindle-shaped, elongated, and trans- 
formed into fibrillee, or uniformly nucleated protoplasmic layers, 
sprung from the endothelia, become directly fibrillated. 

The inflammatory changes of the endothelia of hlood-vessels 
were studied by Virchow, Waldeyer, Ranvier, Thiersch, Durante, 
and others. Swelling of the endothelia, division of their nuclei, 
and new formation of inflammatory corpuscles from endothelia, 
have been proved to occur beyond any doubt. By some observers 
a direct transformation of endothelia into connective tissue is 
maintained. The occlusion of ligated vessels is mainly due to a 
proliferation of the innermost endothelia, and the vascularization 
of the thrombus is proved to start in the inflamed intima, and to 
proceed also from the adventitia and media. This is contrary to 
the views of C. O. Weber, who held that the coagulated blood of 
the thrombus itself becomes organized and vascularized. The 
coagulation of the blood was found to be caused by the inflam- 
mation of the endothelia. 

In the foregoing article on encephalitis, by Beyer, repeated 
allusion is made to the inflammatory changes, both progressive 
and regressive, that take place in the endothelia of capillaries. 
From what I have observed, I can confidently state that the endo- 
thelia of the capillaries participate in the inflammatory process 
in a very active manner. In the earliest stages of inflammation 
the endothelia become at first enlarged and coarsely granular, in 
consequence of which the caliber of the vessel is considerably 
narrowed. Next, the endothelia enter the juvenile stage of bio- 
plasson by becoming homogeneous, and through their confluence 
render the formerly hollow bioplasson a solid, homogeneous cord, 
in which afterward a differentiation into medullary or inflamma- 
tory corpuscles takes place. Such corpuscles may sometimes 
spring directly from the capillary endothelia, without previous 
solidification of the blood-vessel. The result is, that in acute inflam- 
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mation a large numher of capillary Mood-vessels are destroyed — i. e., 
transformed into the inflammatory new formation. Should the 
inflammatory corpuscles separate and produce pus, a permanent 
destruction of the vessels ensues. If, on the contrary, the in- 
flammation should not pass the stage of tissue-formation, — i. e., 
become plastic and formative, — an active new formation of blood- 
vessels in the middle of the inflamed tissue will follow, independ- 
ently of the former and older blood-vessels, and to an extent far 
exceeding the former vascularity. Most of these newly formed 
blood-vessels contain newly formed red blood-corpuscles. The 
manner of new formation of blood and blood-vessels is dwelt 
upon on page 373. Should new formation of blood-vessels in an 
inflamed tissue not take place, the tissue will represent what is 
termed a “ tubercle,’’ and undergo different secondary changes. 

The endogenous new formation of elements within the epi- 
thelia was flrst maintained by Remak in physiological, and after- 
ward by Buhl, Rindfleisch, and others in pathological, conditions, 
and its existence thoroughly proved by L. Oser. In opposition 
to the view that the corpuscles visible in the endothelia had 
immigrated from without, Oser demonstrated the origin of in- 
flammatory corpuscles within the epithelia. My own researches 
fnUy corroborate the statements of Oser. 


Varieties of Inflammation. 

From my statements it follows that I consider the presence of 
blood-vessels to be a requisite for the production of an inflam- 
-matory process. As only connective tissue is supplied with 
blood-vessels, it necessarily follows that the primary seat of 
inflammation must always be in the connective tissue, and that 
the structural changes of muscles, nerves, and epithelia are sec- 
ondary to, though, perhaps, almost simultaneous with, those of 
the connective tissue. An independent inflammation of epithelia 
never occurs. I, therefore, consider the terms of “interstitial,” 
“ parenchymatous,” etc., inflammation as superfluous, except for 
clinical purposes. 

Emigration of colorless blood-corpuscles unquestionably oc- 
curs, even in the earliest stages of inflammation, probably pre- 
ceding structural tissue changes. Such an emigration may also 
participate in the formation of pus-corpuscles, so long as the 
blood-vessels are not destroyed. The principal change, however. 
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more particularly concerns the invaded tissues themselves. They 
are first reduced to their juvenile condition; their meduUary 
elements, by endogenous or exogenous new formation or simple 
division, give rise to a new formation of inflammatory corpus- 
cles. If these remain interconnected, a new formation of tissues, 
in most instances, and most predominantly of connective tissue, 
takes place; thus, “hypertrophy” or “hyperplasia” is estab- 
lished. If, on the contrary, the inflammatory corpuscles become 
separated, pus-corpuscles arise from the inflamed tissue, either 
forming an abscess or leading to pyorrhoea or empyema. The 
question, how many of the pus-corpuscles owe their origin to 
emigration of colorless blood-corpuscles, cannot be answered 
positively. 

Considering both the nature of the exudation and the tissue 
changes, there is no good reason to abandon the old terminology 
of “humoral pathology ” for the designation of different forms of 
inflammation — such as catarrhal, croupous, etc. These, it is true, 
differ only in degree, but the names, having been once adopted, 
may be used, as heretofore. 

(a) Catarrhal inflammation consists of a serous exudation, a 
partial reduction of the connective tissue into its juvenile con- 
dition, an increased secretion, proliferation, and shedding of the 
epithelia. In acute catarrhal inflammation the predominant feat- 
ures are the serous exudation, the augmented secretion, and shed- 
ding of the epithelia from the free surfaces and in glandular 
organs ; there is, in addition, a hyperaemia of the subjacent con- 
nective tissue. In subacute or chronic catarrhal inflammation the 
augmented secretion and shedding of the epithelia persists, and 
the subjacent connective tissue is hypertrophied, with a more or 
less new formation of blood-vessels, or, on the contrary, reduced 
in bulk— atrophy. In closed or occluded glandular cavities the 
epithelia are transformed into medullary corpuscles, from which 
new connective tissue arises — cirrhosis. 

(b ) Croupous inflammation consists of a fibrinous exudation 
and a partial reduction of the connective tissue into its juvenile 
condition, while the epithelia, by their imbibition of the fibrinous 
exudate, are destroyed. In acute croupous inflammation the exu- 
date is sometimes fibrinous, sometimes modified albuminous. On 
free mucous surfaces and in glandular organs the epithelia are 
destroyed ; these, with intense hyperaemia, haemorrhage, and 
inflammation of the connective tissue, are the main symptoms. 
In subacute or chronic croupous inflammation the exudation is 
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modified, often containing the so-called colloid or waxy material. 
The subjacent tissue is hypertrophied, and, in certain districts, 
the epithelia are completely destroyed and a profuse new forma- 
tion of fibrous connective tissue is produced. This condition is 
called atrophy. 

Diphtheritic inflammation consists of a fibrinous exudate in the substance of 
the connective tissue, with an isolation of portions of this tissue, and their 
subsequent death — viz, : putrefaction and throwing off of the so-called mem- 
brane. Organisms of decomposition, micrococci and bacteria, are secondary 
products of putrefaction. For a long time the difference between croupous 
and diphtheritic inflammation was held to be that in the former the exudate 
forms on the surface, in the latter in the substance of the tissue itself ; but 
they are, in essential points, identical processes. 

fc) Suppurative inflammation consists of an albuminous exu- 
dation, a complete breaking down of the connective, muscle-, or 
nerve-tissues, and of all blood-vessels, into pus-corpnscles, also a 
new formation of these corpuscles from epithelia. Acute suppur- 
ative inflammation results in the formation of an abscess in the 
middle of the tissue, or a flow of pus from free surfaces, — the 
so-caUed pyorrhoea, or an accumulation of pus in closed cavities 
— the so-called empyema. Blennorrhoea and intense catarrhal 
inflammation blend with suppuration, and may be either acute or 
chronic. Chronic suppurative inflammation is characterized by 
intense hyperplasia of the connective tissue, together with per- 
sistent augmented secretion and a partial destruction of blood- 
vessels and tissues — the ulceration. 

The healing process of wounds by suppuration is accompanied by an 
active outgrowth of freely vascularized, newly formed, connective tissue, 
which is at first of the myxomatous variety, and is termed granulation tissue. 
How much pus is produced by emigration of colorless blood-corpuscles in 
blennorrhoea, pyorrhoea, and in healing and granulating wounds, we are 
unable to say. The originally myxomatous tissue of granulating wonnds is 
changed into fibrons connective tissue ; the at first numerous blood-vessels 
are, to a great extent, also transformed into fibrous tissue, and these processes 
terminate finally in a scar, cicatrix. 

If the inflammatory new formation be not supplied with newly formed 
blood-vessels it is called a tubercle, and the totality of the avascular new 
formation represents the tuberculous mass, which, by the breaking and the 
shrinkage of the inflammatory corpuscles, becomes ^‘cheesy.” Tubercle, 
therefore, with some reason, may be termed a dry abscess. 

No allusion is made in this chapter to the parasitic origin of the inflam- 
matory process, especially the germ theory, as applied to inflammation. 
Unquestionably, organisms of decomposition, if brought into the interior of 
a living tissue, or, perhaps, even only in contact with it, will excite inflamma- 
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tion or necrosis. But how much is true of the “ specificity ” of such low organ- 
isms, as regards malarial fever, recurrent fever, typhoid fever, syphilis, leprosy, 
diphtheria, etc., is a question which to-day cannot be positively answered, as 
the sources of mistake, both in experimental and microscopical research, are 
too many and too little under our control. What the infecting germs of 
measles, scarlet-fever, and small-pox are, we do not know. 

Secondary Changes. Among the disturbances of nutrition, 
partly considered as inflammatory, partly unknown in their 
origin, three deserve mentioning — namely, the fatty, the pig- 
mentary, and the waxy degeneration. 

Fatty Degeneration. As mentioned before (see page 155), the 
fat-granules are directly produced from granules of bioplasson. 
Every living tissue, in a physiological or pathological process, 
may exhibit fat-granules, both in its free bioplasson bodies and 
in the interstitial substances. In this latter situation, also, the 
fat originates from the bioplasson formations. In the myxoma- 
tous and fibrous variety of connective tissue the fat is a normal 
product, at least to a certain degree ; cartilage corpuscles often 
exhibit fat granules and globules, even in middle-aged individ- 
uals. In chronic inflammation of cartilage and bone, especially 
in their ulcerative destruction, in caries, fat-granules are very 
common occurrences in the plastids. In muscles, fat-granules 
arise from a direct transformation of the sarcous elements : in 
paralyzed and atrophied muscles, from want of exercise; in 
typhoid fever ; in the muscle of the heart, either as an independ- 
ent pathological process, or in connection with hypertrophy. In 
higher degrees of fatty degeneration of the muscle of the heart, 
nearly the whole organ, but principally the left ventricular 
wall assumes a yellow color, and the tissue becomes quite brit- 
tle. Most of the sarcous elements have been converted into 
fat-granules, which slightly exceed the original sarcous elements 
in size ; they stfll remain interconnected, however, by delicate 
filaments. In the ganglionic elements of nerve-tissue, fat-gran- 
ules are often met with ; this always indicates a disturbance in 
the intellectual, sensitive, or motor centers. I have seen fatty 
degeneration of the axis-cylinders of nerves, resected for the 
relief of neuralgia, caused by the so-called perineuritis — i. e., 
chronic inflammation of the external and internal perineurium. 
In epithelia and endothelia fatty degeneration also occurs, reach- 
ing its highest degree in the epithelia of the liver. Wedl has 
demonstrated fatty degeneration even in the cement-substance 
of epithelia perfectly healthy. A rare and sometimes intra- 
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uterine process is the fatty and pigmentary degeneration of the 
covering endothelia of the heart, probably caused by pericarditis. 
(See Fig. 177.) 

Tissues in fatty degeneration are often subject to calcareous 
depositions, both processes being indicative of a lowered nutri- 
tion of the bioplasson, the causes of which are not clearly under- 
stood. 

Pigmentary degeneration is closely allied to fatty degeneration. 
Even under normal conditions fat-globules may contain a diffuse 

or granular coloring matter, and 
fatty and pigment degenerations 
are often found combined. We 
have no chemical analysis of the 
pigment; but its source is un- 
questionably the coloring matter 
of the blood. Extravasated blood, 
after a while, produces rhomboidal 
or needle-shaped crystals of h®ma- 
toidine, which are in color dark 
reddish-brown. (See chapter on 
urine.) If the coloring matter be 
imbibed by living plastids, pig- 
ment-granules of a rust-brown or 
brownish black color will be seen 
in these bodies. The rusty color 
of the tissue, sometimes seen 
abounding in old, healed apo- 
plectic focus in the brain, is due 
to the presence of pigment- gran- 
ules. Rokitansky maintained, in 
1846, that in melanotic cancer the 
pigment is supplied by the blood, 
which originates in the mother 
cells. My own researches, made 
especially in the boundaries of 
melanotic myeloma of the choroid invading the vitreous body, 
demonstrate that the sources of the pigment are the hgemato- 
blasts — i. e., lumps of living matter, saturated with coloring 
matter (hsemoglobin ?) of the blood. The points of intersection 
of the bioplasson reticulum within these plastids are enlarged, and 
assume a dark yeRow or brown tint, remaining, however, in con- 
nection with the reticulum. By coalescence of the granules pig- 



Fig. 177 . — Fatty and Pigment- 
ary Degeneration op the 
Pericardial Endothelium of 
THE Heart op a Child. 

F, endothelia, exhibiting the begin- 
ning of fatty change of the granules of 
bioplasson ; P', endothelia, with pigment 
granules in their interior. Magnified 600 
diameters. 
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ment-clusters originate, whicli may still remain connected with, 
the unchanged hioplassoii j and if the grannies are present in large 
numbers they may conceal the nucleus of the plastid, which, as a 
rule, both in physiological and pathological pigment formations, 
remains unchanged. (See Fig. 177.) All varieties of tissues may 
become the seat of pigmentary degeneration, and it is evident, par- 
ticularly in melanotic cancer, that both the connective tissue and 
the newly formed epithelial plastids are more or less abundantly 
supplied with grannies and clusters of coloring matter. Eust- 
brown pigmentation is sometimes observed in the sarcous elements 
of striated muscles, in the gray substance, and the ganglionic cor- 
puscles of the nerve-centers, independently of former haemorrhage. 
The fact that it is the living matter itself which is transformed 
into pigment, facilitates the understanding of the very rapid 
disappearance of pigment — f. i., from the epithelia of the skin 
and the medullary tissue of the hair-bnlb. 

Waxy degeneration. In chronic ailments, such as syphilis, pro- 
fuse suppuration, caries of bone, etc., and in the placenta even in 
apparently healthy women, a peculiar change of the tissues, called 
waxy, takes place, which leads to an increase of bulk, a paling of 
their color, due to compression and obliteration of blood-vessels, 
and an increase of weight and consistence. There is a general 
appearance of the tissue similar to that of wax or lard ; hence the 
term “ lardaceons,” which is also used to designate this change. 
Unquestionably, this degeneration is due to a chemical change of 
the plasma of blood, as it is sometimes found in hsemorrhagic 
clots, independent of, or combined with, analogous tissue changes. 
What this change reaUy consists in we do not know, and it is a 
mere hypothesis of Dickinson’s to call the waxy substance “ de- 
alkalized flbrine.” 

The appearance of waxy degeneration varies in different 
tissues and organs. The chemical reactions are not always 
the same ; neither are the stainings with carmine and ani- 
line colors always productive of the same results. The myxom- 
atous variety of connective tissue is not infrequently the seat 
of waxy degeneration. (See article on waxy degeneration of 
the placenta.) In certain diseases the medullary tissue of 
bone is invaded by this change, which leads to the formation 
of globules termed “ colloid corpuscles,” which are remarkably 
unresponsive to the usually destructive action of acids and alka- 
lies. (See article on osteomalacia.) In the myxomatous tissue 
of the thymus body such homogeneous or concentrically striated 
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■corpuscles are, as a rule, found after the involution of the organ. 
Among the blood-vessels, the arteries of the spleen are often 
seen in waxy degeneration before the other constituent parts 
are attacked. (See Fig. 178.) The degeneration starts in the 
smooth muscle-fibers of the middle coat; these are enlarged, 
transformed into a homogeneous mass, in which no trace of 
structure or of nuclei can be recognized. In the kidneys, the 
waxy change is sometimes observed in the walls of the capillaries 
sooner than in the arteries. In the liver, waxy degeneration 
takes place independently of the blood-vessels. 

Muscle-tissue is often subject to this degeneration, especially 


Fig. 178. — W ax y Degeneration of an Artery op the Spleen op a 
Man Affected with Syphilis. 

E, endothelial coat of artery ; M, muscle-coat of artery, in waxy degeneration ; B, bundles 
of smooth muscle-fihers accomi)anyiug the artery ; D, lymph-corpuscles in the myxomatous 
xeticulum. Magnified 600 diameters. 


the muscle of the heart, predominantly the wall of the left ven- 
tricle, by which this structure is enlarged, rendered friable, and 
of a peculiar lardaceous luster. 

Waxy degeneration is often found in nerve-tissue, both in the 
gray substance and the ganglionic elements, in connection with 
similar changes in the walls of the blood-vessels, and also without 
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any sncli changes. For particulars I refer to the two following 
articles. Bpithelia and endothelia are likewise subject to this 
degeneration — f . i., in the liver, the kidneys. The epithelia of the 
lungs sometimes give rise to homogeneous or concentrically stri- 
ated colloid corpuscles, and such are sometimes observed in the 
epithelia of the prostate gland. The concentric colloid corpus- 
cles of the latter organ may become the seat of calcareous depo- 
sitions, and are sometimes voided with the urine. They are not 
of uncommon occurrence. (See chapter on urine.) 

Peculiar, but certainly kindred, formations are the colloid 
corpuscles of the nervous system. Usually they exhibit a concentric 
striationj sometimes two or more such concentrically striated 
corpuscles may be surrounded by a common homogeneous or 
striated layer. (See Fig. 179.) Virchow, by mistake, termed 



Fig. 179. — Colloid or Amylaceous Corpuscles op the Arachnoid 
OP THE Spinal Cord op an Adult. 

concentrically striated amyloid corpuscle; G, group of medullary corpuscles in colloid 
degeneration ; Z, medullary corpuscles in the beginning of colloid degeneration. Magnified 
600 diameters. 

them “amylaceous” corpuscles. In the arachnoid of a man 
whose brain, crowded with these corpuscles, was in the condition 
of the so-called “ gray atrophy,” I could trace the origin of these- 
formations from medullary elements, which had arisen in the 
fibrous tissue of the arachnoid in consequence, evidently, of a. 
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slight inflammatory process. The medullary corpuscles, being 
infiltrated with the colloid material, either remained in irregular 
groups, or, becoming elongated, gave rise to the concentrically 
striated corpuscles, in a way similar to that in which the territo- 
ries of connective tissue are formed. In the center, sometimes 
an unchanged plastid is seen, or a larger homogeneous mass, or 
a shallow depression, termed an umbilicus. 

Waxy Degeneration of the Cerebellum. By J. Baxter Emerson.* 

Mr. B. was the youngest of a family of seven children. His mother died of 
acute encephalitis, terminating in abscess ; a maternal uncle and aunt both 
showed symptoms of dementia late in life. One of his sisters has suffered for 
several years with hysteria ; a second sister has at the present time posterior 
spinal sclerosis. When about fifteen years old, he was thrown from a car- 
riage, and received a severe scalp wound on the posterior part of his head, 
from which he seemed to recover. His habits were regular. He was much 
troubled with naso-pharyngeal catarrh. At the age of twenty-eight he lost all 
his property, which worried him excessively; soon he found that he was 
losing flesh and strength, that his appetite was poor and his digestion bad ; he 
also had the tendency to fall when walking or on turning suddenly. His 
brother noticed that he became slower in his work. In January, 1874, the 
above symptoms returned; he began to stammer, and would often forget 
localities and names. These symptoms were intermittent in character ; at 
times he was apparently well. In September, 1874, he was married, and, 
while on his wedding trip, his wife noticed that if he endeavored to walk 
down a flight of steps, he would become pale and complain of vertigo. Shortly 
afterward he was attacked with most intense pain in the head, accompanied 
with great irritability, photophobia, and inability to stand alone. These 
acute symptoms lasted several days, and for several weeks he had to be led to 
prevent his falling. About a month later he had a second similar attack, this 
time losing the power of speech and being ‘‘delirious.” Later, he complained 
of “pain in the forehead,” numbness of the extremities, occasional twitching 
of the muscles, and he was unable to walk without assistance. On two occa- 
sions he asserted that he was blind, which assertion he persisted in for two 
days. He was exceedingly childish in his actions. Toward the latter part of 
the summer of 1876, he became violent, his hallucinations and delusions 
being of an exalted character. 

On October 5, 1876, I found his left pupil dilated, the tongue tremulous, 
the power of coordinating the muscles much impaired, those of the left side 
more so than the right ; the left biceps permanently contracted, so as to keep 
the fore-arm at an angle of about one hundred and thirty-five degrees with the 
axis of the arm; contractile power of the mnscles on the right side more 
marked than on the left ; an almost incessant movement of either the fore-arm 
and hand, or grinding of the teeth ; partial anaesthesia of the left side ; 
aphasia of both varieties, but principally amnesic ; hallucinations and delu- 
sions of a very exalted character, seeming to dwell principally on financial 

* Abstract of tlie paper “Peri-encephalitis,” hy J. Baxter Emerson, M. D., New-York. 
Journal of Nervous and Mental Disease. Chicago, Ax>ril, 1880. 
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subjects ; emotions not under control ; sense of decency lost ; using the most 
obscene language ; responding to calls of nature regardless of surrounding 
circumstances ; dementia very marked, at times so violent as to necessitate 
restraint ; insomnia. ' 

On November 14, 1876, he had an attack, with the following symptoms: 
Complete left hemiplegia and hemiansesthesia ; complete aphasia ; congestion 
of head and neck ; extremities cold, especially the left ; head drawn to the 
right, and fixed ; both eyeballs drawn to the right ; left pupil widely dilated ; 
conscious, with sense of sight and hearing intact ; facial muscles slightly par- 
alyzed on the right side; those of deglutition interfered with; respiration 
irregular and sighing in character; pulse 84, irregular and intermittent; 
temperature 100®. Soon after, the muscles of the paralyzed side began to 
twitch, first in the extremities, gradually extending to the trunk, until, 
finally, all the muscles of the left side were in a constant state of spasmodic 
contraction. The next morning the symptoms were all gone, except slight 
paralysis and aphasia, and the patient apparently better than before the 
attack. These attacks, of varying intensity, occurred about once a month 
during the remainder of the patient’s life. Dementia became more marked. 
He persisted in keeping up the movements of his right fore-arm and the 
grinding of his teeth to the last ; consequently, their muscles retained the 
normal size, while all others underwent atrophy from disuse ; but to the day 
of his death he was able to walk with assistance. His urine was normal to 
the last, but he had retention for five days previous to his death, which 
occurred May 13, 1879, from exhaustion. 

A post-mortem examination gave the following results : Body much ema- 
ciated; ulcer, the size of a dime, on sacrum. Dura mater much thickened 
throughout its whole extent, adherent to the pia mater in spots, and firmly 
adherent along sup. long, sinus and in the temporal regions, much more so on 
the left side than on the right. The pia mater was much thickened and con- 
gested, and had numerous hasmorrhages, from the size of a pin’s head to that 
of a split pea, imbedded in its structure. These were principally on the left 
side, all confined to the upper surface. The pia mater was adherent to the 
base of the skull and the brain, in spots. The brain was much congested, 
weight 40 oz. The convolutions on the right side seemed deeper, and the 
gray matter thicker than on the left. The white substance was slightly 
darker than normal, and much congested. The consistency of the whole 
normal, and all other parts negative. 

A large portion of both hemispheres was removed and placed in Muller’s 
'fluid, then in a weak solution of chromic acid, until it was sufficiently hard 
for section, after which it was kept in dilute alcohol. 

The pia mater was composed principally of bundles of decussating fibers 
of connective tissue, coarser than normal, traversed by dilated and enlarged 
blood-vessels, distended with blood, and around many of them were bundles 
of spindles and inflammatory elements. This condition of connective tissue 
is characteristic of an inflammatory process of chronic nature, which process 
led to the formation of new connective tissue, while an acute recurrence of 
the same process has given rise to a new formation of inflammatory ele- 
ments. The dura mater was found structurally in the same condition as the 
pia mater, but had no haemorrhages in it. 

A vertical section through either hemisphere of the cerebellum with a low 
power of the microscope gave the following appearance : The blood-vessels 
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could be traced from the pia mater, especially in the sulci between the con- 
volutions, through the external gray and granular layers into the white sub- 
stance, profusely branching and ramifying, and almost invariably engorged 
with blood. In numerous places there were ramifications closely resembling 
those of the capillaries, with sharp, well-defined, fluting outlines, colorless, 
and of a high refractive power. Such groups were found principally in the 
granular layer, but extended somewhat into the contiguous layers. There 
were also numerous isolated, highly refracting bodies, scattered throughout 
the whole cerebellum, but mainly in the granular layer. With a higher power 
of the microscope, peculiar changes of the capillaries were shown, first 
described by C. Wedl — namely, the capillaries were transformed into either 
single or doiible rows of brilliant, colorless globules, or completely trans- 
formed into a glistening rod-like mass, with fluting outlines, and numerous, 
partly peduuculated, buds. The large isolated bodies had all the character- 
istics of the corpora amylacea — namely, they were concentrically striated 
and umbilicated. In some instances, the umbilicus was found in direct union 
with capillaries, which had undergone the above described changes. Excep- 
tionally, I found the cells of Purkinje,” with their offshoots, presenting the 
same glistening, highly refractive, appearance as the capillaries and corpora 
amylacea. Some of the latter looked as if they were composed of a number 
of shining globules, closely packed together, the outlines of the globules 
being just traceable within the clusters. 

I used the following re-agents : Cannine (both ammonia and alum solu- 
tions), which stained the tissues, but left the globules colorless. Iodine (both 
tincture and aqueous solution, both with and without sulphuric acid) ; the 
result was unsatisfactory, for only once, after the use of the aqueous solution, 
did I perceive any change in the globular bodies, and then the pale blue tint 
was very indistinct, and only a few of the bodies affected. Hcematoxylon pro- 
duced a distinct violet upon the tissues and the blood-vessels, while the glob- 
ules were little affected, if any, by it. Chloride of gold (one-half per cent, 
solution) made the outlines more distinct, but did not change the color of the 
globules. Violet methylaniline stained the granular layer a deep blue, the 
external gray layers and the white substance a dirty grayish-blue; the 
blood-vessels both in the normal and pathological condition were unaffected. 
Fuchsine produced a pink stain in the gray layers ; the globular bodies and 
blood-vessels were untouched. Osmic acid (one per cent, solution) pro- 
duced a marked brown discoloration on the globules, but by no means as 
deep as that we are accustomed to see on fat-globules. Piero-indigo gave 
the blood-vessels and globules a bright green color, while the surrounding 
tissues were of a much paler tint of green. 

In unstained specimens, the refractive power of the globules and corpora 
amylacea was so characteristic as to allow of no diagnosis, except calcareous 
degeneration of capillaries, of corpora amylacea, and exceptionally of ‘‘cells 
of Purkinje.” In the whole list of my re-agents there was nothing found con- 
tradictory to this, though, I must admit, very little to confirm it. The capil- 
lary blood-vessels in several instances showed rows of calcareous globules on 
both walls, while in the center a row of blood -corpuscles was still recognizable 
in that portion of the capillary nearest the pia mater, while the central end of 
the capillary was completely filled with the shining globules. The change,, 
therefore, which led to the formation of these globules must have taken place 
in the walls of the capillaries, and in turn has led to the consolidation of the 
entire blood-vessel. 
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The highest powers of the microscope (1200 diameters) showed in many 
capillaries of the cerebellum an enlargement of the endothelia, with a coarser 
granulization therein, and a splitting of the original endothelia into coarsely 
granular clusters. The perivascular sheaths in some instances were consider- 
ably dilated and sometimes filled with globular elements, slightly increased 
in refractive power. From the above facts it would seem that the shining 
globular bodies are products of the endothelia, which first become inflamed, 
then proliferate, and the inflammatory elements thus formed become infil- 
trated with lime-salts. Concerning the formation of the corpora amylacea, 
we at present know nothing. The gray layers of the cerebellum with a high 
power of the microscope showed a reticular structure. The white substance 
of the cerebellum was composed almost exclusively of nerve-fibers with 
numerous varicosities, and a reticular structure was seen in the nerve-fiber 
as well as in the varicosities. On broken ends of nerves, I could trace several 
sheath-like layers, composed of a row of spindles, bounding the swollen pear- 
shaped ends of the nerve-fiber, while the center of the so formed body showed 
a delicate reticular structure. Such formations, we know, never are seen so 
long as myeline is present. It therefore follows that either the myeline has 
oozed out after death, or has been absorbed during life, perhaps in the same 
manner that adipose tissue disappears in wasting diseases. The boundary 
layer of the nerve-fiber in all instances was shining and homogeneous, thus 
representing a complete sheath. There is no reason, therefore, to my mind, 
for denying the existence of a sheath in the nerves of the white substance of 
the cerebellum, and I may also add cerebrum, for they were both similar in 
this case. 

The gray substance of the cerebrum was similar in structure to that of the 
cerebellum. The calcareous corpora amylacea were less frequently, and the 
calcareous globules exceptionally, found. The blood-vessels were, as a rule, 
distended with blood. The perivascular sheaths were, in some instances, 
dilated. Several specimens showed a fatty degeneration of the blood-vessels 
and of the ganglionic bodies, both demonstrated by their refraction and by 
the action on them of osmic acid, which produced a black stain. The fat- 
granules were arranged in the ganglionic bodies in a crescent shape, the con- 
vexity being on one side of the ganglion, and the concavity toward the 
nucleus. In the cerebrum I frequently found empty spaces, as they were 
found also in the cerebellum — so-called vacuoles.* Most of the vacuoles had 
in their interior a pale nucleus, and their origin must be attributed to an 
accumulation of fluid around the nucleus after death, or to a hydropic destruc- 
tion of the ganglionic elements, due to serous exudation. The latter view is 
corroborated by similar formations around the blood-vessels, where not only 
lymph-sheaths were found dilated, containing bioplasson elements, but there 
was also a large space around the lymph-sheath. Several ganglionic bodies 
with partly fatty degeneration also showed closed empty spaces on the 
periphery. 

The diagnosis, as obtained from the microscope, in this case is chronic 
pachy-meningitis, meningitis, and encephalitis, terminating in atrophy. 

* Later observations in the gray substance of tlie brain and the spinal cord, which 
were invaded by atrophy, due to chronic encephalitis and myelitis, demonstrated that the 
bioplasson reticulum was more or less rarifled— viz. : its meshes enlarged. There is a gradual 
transition of enlarged mesh-si)aces to still larger spaces, termed vacuoles. I am unable to say 
what becomes of the bioplasson in such a wasting process.— E d. 
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Waxy Degeneration op the Brain. By John A. Rockwell, M. D.* 

The pathology of the central nervous system has as yet been very little 
elucidated, for the simple reason that its minute anatomy has not as yet been 
fully understood. 

The reticulum in the gray substance, first described by J. G-erlach, and by 
L. Mauthner, twenty years ago, has been considered to be nervous in nature, 
as both observers saw this reticulum in direct communication with axis-cylin- 
ders. Quite recently, however, this assertion has been contradicted by S. 
Strieker and L. Dnger, who claim that the reticulum is an elongation of the 
pia mater, and therefore of connective-tissue nature. So far as my experience 
goes, I must coincide with the views held by Gerlach and Mauthner. I invari- 
ably succeeded in staining the reticulum of the gray substance violet with a 
solution of chloride of gold, the same as the nuclei which are scattered 
throughout the gray matter, and the ganglionic elements, whose nervous 
nature cannot be questioned. Moreover, I saw the reticulum in connection 
with axis-cylinders, which we also know to be positively nervous elements. 

It seems to me that the question. What is connective tissue, and what is 
nervous structure in the gray substance ? will never be definitely answered, 
as the connective-tissue offshoots of the pia mater, upon reaching the finest 
ramifications, lose their basis-substance and become bioplasson in nature, the 
same as the nervous structure itself. C. Wedl was the first to maintain 
that a waxy degeneration may invade the capillary blood-vessels, resulting in 
the formation of shining, homogeneous cords, ramifying like blood-vessels 
and freely supplied with pedunculated, bud-like, stratified projections. 

The amylaceous corpuscles have, for a long time, been known to occur in 
the gray substance of the central nervous system, where they represent bright, 
stratified, apparently structureless masses, containing sometimes in their cen- 
tral portion an unaltered plastid. Such corpuscles are so common, both in the 
gray substance of the brain and the spinal cord, and in the arachnoid of each, 
that some histologists have asserted that they were normal formations. They 
occur either singly or in double or multiple formations, clustered and partly 
coalesced. Their designation, amylaceous,” originated with Virchow, who, 
upon applying iodine and dilute sulphuric acid, could in some instances pro- 
duce a bluish tinge of these corpuscles. Upon the authority of Virchow the 
name “ amylaceous corpuscles ” has been accepted, although the bluish color 
after treatment with iodine — which feature reminded Virchow of starch cor- 
puscles of plants — by later observers could not, or only in a very slight 
degree, be produced. Evidently, the bluish color, wherever it occurs, is noth- 
ing but the complementary color of these highly refracting bodies to the yel- 
low-brown neighborhood after the application of iodine. I consider this 
re-agent of no value. 

What the intimate nature of the amylaceous corpuscles, or the waxy 
degeneration in general, is, we do not know. This much is certain, that the 
formation of these corpuscles, as well as the waxy degeneration itself, is 
closely connected with chemical alteration of the plasma of the blood, inas- 
much as in almost all instances the waxy change is known to first invade the 
blood-vessels. In the spleen and the kidneys the muscle-coat of the small 


* Abstract of tlie ijaper, by John A. Rockwell, “A Contribution to the Pathology of the 
Brain.” TTie New England Medical Gazette, March, 1882. 
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arterioles is, as a rule, the first to exhibit the waxy change. In the brain, 
the capillaries are unquestionably the first invaded formations, as recently 
proved again by J. Baxter Emerson. The ease from which my specimen has 
come was one for two years under the observation of Dr. E. H. Linnell, of 
Norwich, Conn.* 

“Mr. T , aged sixty-three, of nervous temperament and thin habit, first 

consulted me,” says Dr. Linnell, “for failing vision, in November, 1879. 
His vocation had been that of a photographer, until ill health obliged him 
to relinquish it. Inquiry elicited the following facts : For the past eight 
or nine years he had been subject to frequent attacks of neuralgia, affecting 
his head and limbs ; he had been habitually coustipated ; his urine had been 
somewhat increased in quantity, light-colored, and passed frequently; and 
for four years he had had paralysis agitans, affecting his right arm and leg, but 
more markedly the arm. This tremor developed gradually, and was attended 
with partial anaesthesia, denoted by numbness and tingling sensations in the 
affected limbs, and by general debility. In other respects he enjoyed good 
health until the fall of 1879. During the night of September 27th, of that 
year, he had a sudden severe attack of pain in the head, extending from 
vertex to chin, accompanied by total blindness, and followed by vertigo, 
nausea, and slow pulse. After twenty-four hours the intensity of symptoms 
was moderated, and his sight began very gradually to be restored, but was 
never fully recovered. He continued to suffer with neuralgic headache and 
vertigo, and his gait became halting and uncertain. His mental faculties, 
however, remained unimpaired, and the paralysis agitans, or the difficulty of 
locomotion, did not increase. When I first saw him, VOU = fff, refraction 
Em. He had, however, left-sided binocular hemianopsia. ... In the latter 
part of April, 1880, he had another sudden attack of complete blindness. 
This attack was unattended by pain, and was of shorter duration than the 
first. During the following year his sight seemed to fail gradually, uutil he 
could with difficulty distinguish large objects. He complained much of diz- 
ziness, but suffered less pain ; walking became more fatiguing, the right leg 
seeming heavy, and as if too long. He retained the use of all his faculties, and 
could converse intelligently, although his mind seemed to lose some of its 
natural vigor. In the latter part of June, 1881, he was suddenly seized with 
a general tremor of the whole body, afterwards becoming more pronounced 
upon the right side. This was not attended with pain, and he apparently 
recovered from the effects of it; but had a similar seizure July 2, accompan- 
ied with constriction of the post-cervical muscles. The rigidity increased, he 
soon became unconscious, and was apparently entirely blind. After a few 
hours he partly regained consciousness, and had perception of light. From 
July 4 to 8, he seemed to improve somewhat. From this time he gradually 
failed, both in intellect and strength, until he became comatose, in which con- 
dition he remained for several days, and died July 19. 

“Autopsy gave the following result : The dura mater was so firmly adher- 
ent that the calvarium could not be removed without cutting; and in so 
doing, several ounces of dark fluid blood escaped from the sinuses. Both the 
dura mater and the arachnoid appeared healthy. The pia mater was much 
injected, the veins being distended with dark blood. The entire weight of the 
brain was two pounds, fifteen and one-half ounces. The cortical substance of 
the cerebrum was of normal consistence ; but upon section of the right hemi- 

* Published in the “Archives of Ophthalmology,” vol. x., No. 4, December, 1881. 
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sphere, a large and firm coagulum was found in the medullary substance. It 
was nearly circular, and measured, approximately, four centimeters in diam- 
eter and two and one-half centimeters in thickness. It was situated a little 
anterior to the center of the hemisphere, and did not anywhere encroach upon 
the cortical substance. The contiguous brain substance was softened for 
a thickness of about two lines, but the clot was removed almost entire, and 
there was no serum, pus, or other indication of inflammation or of extensive 
degeneration. No pathological changes could be discovered in the left hemi- 
sphere. The fluid in the ventricles was not appreciably increased in amount, 
although there was more serum upon the left than upop the right side. The 
velum interpositum and choroid plexuses of the ventricles were highly vascu- 
lar, the veins being turgid and swollen, and this was more marked upon the 
left side. The tubercula quadragemina were manifestly degenerated, and 
presented the appearance described as white softening. This condition was 
much more evident upon the left side, but it was not limited to these bodies. 
It also extended laterally and anteriorly, involving the corpora geniculata, the 
posterior and inferior portions of the optic thalamus on the left side, and also, 
to some extent, the floor of the fourth ventricle. A portion of the left optic 
tract and the adjacent under surface of the thalamus was removed for micro- 
scopical examination. This was so soft as to require very careful handling to 
prevent crushing.” 

Dr. Linnell kindly sent me a portion of the under surface of the left optic 
thalamus, which came to me preserved in alcohol. The specimen exhibited a 
grayish-yellow discoloration, as if fatty. It was placed in a one-fifth per 
cent, solution of chromic acid, and after a few days was sufiiciently hard to 
be sliced with a razor. The sections were mounted in glycerine, and even 
those which went through the treatment with alcohol and oil of cloves were 
again introduced into water and mounted in dilute glycerine. 

Incidentally, I wish to say that, for three years, I have been pursuing 
microscopical studies in the laboratory of Dr. C. Heitzmann, and by repeated 
trials have become convinced that the mounting of specimens in glycerine is 
far superior to mounting in Canada balsam or Damar varnish. Comparative 
mountings in these liquids, especially for specimens of the nervous centers, 
have resulted in the conviction that the balsam or varnish mounting ought to 
be wholly abandoned. Unquestionably one, if not the main, reason why our 
knowledge as to the pathology of the brain and the spinal cord has progressed 
so slowly for the past twenty years is the mounting in balsam. By this method, 
the specimens in a short time clear up to such an extent that the minutest details 
fade, and the specimens become unfit for research with high amplifications of 
the microscope (800 to 1200 diameters), which are the only possible means 
of revealing the minutest normal, as well as pathological, features. 

All the specimens obtained exhibited a peculiar change of the gray sub- 
stance. This consisted in the presence of homogeneous, grayish fields of 
greatly varying size and configuration, mostly with fluted outlines, scattered 
throughout the gray substance. With lower powers of the microscope, I was 
satisfied that these shining fields either accompanied capillary blood-vessels^ 
or were distributed without any regularity in the gray substance, or, lastly, 
represented more or less straight tracts in closely lying parallel or in diverg- 
ing fan-shaped courses, in the direction of the axis-cylinders. The latter feat- 
ure was especially pronounced in the neighborhood of the optic tract, (See 
Fig. 180.) 
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The shining fields are doubtless in close relation to the capillary blood- 
vessels, inasmuch as they appeared, by the side of the capillaries, as if in the 
perivascular space, without at first invading the endothelial coat itself. With 
advancing degeneration in the neighborhood of the blood-vessels, they also 
became destroyed to such an extent that the direction of the glistening tracts 
was the only indication of the course of the former capillaries ; though, also, 
in such tracts, occasionally, a small portion of the original capillary was 
found imbedded. The numerous straight tracts following the course of the 
axis-cylinders were evidently due to a degeneration upon a large scale. 

Owing to the tolerably high degree of refraction of these fields, my first 
impression was that a fatty degeneration of the gray substance had taken 
place. The treatment of the specimens, however, with strong alcohol and 
oil of cloves at once revealed the fact that these formations could not be fat, 
for they were not perceptibly altered by those re-agents. A second full proof 
of their not being fat was the treatment with a one per cent, solution of 
osmic acid, which we know 
to be the most trustworthy 
re-agent for fat, and which 
should stain the fat black. 

No such thing occurred in 
my specimens. 

The next question was, 
could the waxy nature of 
these fields be proved by the 
application of different re- 
agents ? To answer this 
question I applied the fol- 
lowing re-agents : Carmine, 
iodine, hsematoxylon, fuch- 
sine, violet methyl-aniline, 
picro-indigo, and chloride of 
gold. Among those, picro- 
indigo was the only one 
which, in Emerson’s case, 
jdelded a positive result, 
where the waxy blood-vessels 
and globules were rendered 
by it a bright green. In my case 
no one of these re-agents, 
not even the picro-indigo, 
yielded positive results, as 
all the hyaline fields remained 
unchanged in their color. 

Nevertheless, I am satis- 
fied that this change is ma- 
terially a form of waxy de- 
generation, somewhat different from the degeneration in Emerson’s case, but 
kindred to the waxy degeneration which J. B. Greene * described in the pla- 
centa as the most common cause of abortion and premature birth. 

* “ American Journal of Obstetrics and Diseases of Women and Cbildren,” vol. xiii., No. 2, 
April, 1880. 



Fig. 180. — Waxy Degeneration of the Gray 
Substance of the Thalamus Opticus. 


V, capillary blood-vessel, containing a granular mass, 
compressed at its ui)i)er xiortion, surrounded by a layer 
of the waxy mass ; (?, gray substance, the meshes of the 
bioplasson enlarged by the waxy material, which col- 
lects into branching, irregularly contoured, shining 
fields, Wi, IFi; N, nucleus of the gray substance; a 
part of the periphery, surrounded by a waxy mass. 
Magnified 800 diameters. 
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This certainty as to the nature of this degeneration could he obtained by a 
study with high amplifications of the microscope, such as 1000 to 1200 
diameters. The best specimens for the study with such high powers I obtained 
by the treatment with a one-half per cent, solution of chloride of gold, in 
which solution the specimens were placed for one hour and twenty minutes, 
after having been thoroughly soaked in distilled water. By this, the blood- 
vessels were rendered dark blue violet, and the gray substance, with its 
nuclei, purple, while the shining fields remained unatfected. Here I could 
see the first change into the shining, homogeneous mass before mentioned, at 
the periphery of the capillary blood-vessels, and in the mesh spaces of the 
bioplasson reticulum. By the transformation of the liquid contents of a mesh 
space into a semi-solid shining mass, the space became enlarged, and the 
neighboring reticulum was pushed apart. By coalescence of neighboring 
shining formations, larger clusters with fluting ontlines originated, in the 
middle of which often a faint trace of bioplasson was recognizable in the 
shape of a few delicate granules and their connecting filaments. Whether 
or not the reticulum of the bioplasson within the homogeneous masses was 
destroyed, I am unable to say. Not quite infrequently I met with small 
clusters of the homogeneous mass around nuclei of the gray substance, as if 
ensheathing them. In the further progress of the degeneration, a great many 
capillaries became destroyed ; probably first by pressure, and later by trans- 
formation. These blood-vessels, free of the change just described, looked, 
especially in their transverse sections, as if compressed and engorged with 
blood-corpuscles. 

My researches prove that there are waxy degenerations going on in the 
brain-tissue kindred to the waxy degeneration in other organs, such as the 
spleen, the liver, the kidneys, and the placenta. The intimate reason of this 
degeneration is not known, nor do we understand its intimate chemical con- 
struction. One thing is certainly of interest in the case examined — namely, 
that the blood-vessels being destroyed to gi’eat extent by waxy degeneration, 
the circulation of the blood in the brain is interfered with, and an encephal- 
itic process may in consequence ensue ; or the walls of the blood-vessels, 
being rendered brittle by the waxy degeneration, may give way the same as 
in fatty degeneration, and give rise to cerebral haemorrhage. 
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M y views on tlie subject of tuberculosis are based on exami- 
nations of two hundred corpses in which tuberculosis 
existed. In a number of these cases death had resulted from 
other diseases, and tuberculosis was a secondary condition.! A 
recapitulation of the literature of this subject is found in the 
excellent book of L. Waldenburg.j; 

Nobody who, to-day, undertakes to discuss the question of the 
formation of tubercle would be allowed to dwell only upon the 
theory of tubercle. On the contrary, he would be bound to con- 
sider the former views, and to present the anatomical tacts, in 
order to demonstrate the admissibility of separating the tuber- 
culous granulation from tuberculous infiltration. This cannot be 
accomplished simply by a description. Rokitansky has settled 
the descriptive part in such a manner that scarcely anything is 
left to be said. The views brought forward here are based 
entirely upon my own observation ; they, to some extent, must be 
eclectic and polemical. An answer to the question what the 

* Translated from “Ueber Tuberkelbildnng.” Wiener Med. Jalirbiicher, 
1874. 

1 1 was able to perform the post-mortem examinations in the dead-house of 
the Wieden-hospital in Vienna, thanks to the kindness of the curator. Dr. 
Quiquerez. After the publication of my essay, I made one hundred more 
examinations of tuberculous bodies, the sum total being, therefore, three 
hundred. 

t“Die Tuberculose, die Lungenschwindsucht, und Scrofulose.” Berlin, 
1869. 
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nature of tubercle really is can be given only after an accurate 
examination of facts. 

Tuberculosis of the Lungs. In order to properly group the dif- 
ferent phenomena of tuberculosis of the lungs, it will be of 
advantage to first illustrate its four principal varieties. 

“ Chronic tuberculosis ’’ comprises a tolerably well-defined 
group, which may be called ^^oealized tuberculosis,’’ as chronic” 
is an expression mostly clinical. This form appears most fre- 
quently in the apices of the lungs, simultaneously in both, 
although this is not without exceptions. As it is never fatal, 
sp, we are rarely able to study it as a disease by itself. We meet 
with it, as an intercurrent condition, in the bodies of individuals 
dead of other diseases. 

We find, imbedded in the lung- tissue, nodules of about the 
size of a millet- or hemp-seed, which have a gray or grayish-yel- 
low color, are homogeneous, and of soft, or moderately firm, con- 
sistency 5 or we see nodes, the size of a lentil or an almond, 
distinctly marked from the surrounding tissue. These' are cir- 
cumscribed infiltrations, which, in transverse section, appear al- 
most dry, homogeneous, and of a yellowish-red or yellowish-gray 
color, which are in firm connection with the adjacent structures, 
and not yielding juice or tissue-particles on being scraped with 
the knife. Or, lastly, we find nodules or infiltrations of the size 
before described, whose centers are usually soft and friable, which 
can be mashed with the fingers, and from which the scraping- 
knife can reduce crumbs and brittle particles. In the apices, in 
some cases, nodules are the only formations present, and these 
may be found either isolated or conglomerated into groups ; in 
other cases we encounter only nodes, and therefore infiltrations. 
Not infrequently we see in the same apex a varying number of 
both nodules and nodes. 

All subsequent changes of these formations relate chiefly 
to the healing process; for, provided that no recurrences take 
place, localized tuberculosis of the lungs, as a rule, terminates in 
a cure. 

The healing process may be accomplished in two ways. Either 
it may start in the nodule or the infiltration while they are still 
in connection with the lung structure, and they themselves rep- 
resent a tissue, though a morbid one. Or the healing process 
may start after the nodule or the infiltration have been trans- 
formed into a brittle, friable mass, and therefore have ceased to 
be a tissue. 
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In the first case, the tubercle is transformed into a semi-trans- 
parent or white, consistent, cartilage-like mass (the fibrous tuber- 
cle of Yirchow), which must be regarded as dense callous con- 
nective tissue; or the nodule changes into a firm, dark, pigmented, 
homogeneous, sometimes stratified, mass — that is, it becomes 
horny or obsolete. These hard nodules, attaining sometimes the 
size of a sugar-pea, are often found scattered in the lungs. 

If, on the contrary, the disintegTation of the tissue has once 
commenced, the crumbling mass becomes a foreign body, both as 
regards the surrounding tissue and the whole organism. Here, 
as around every foreign body, infiammation sets in, and the 
tissue around it is transformed into a firm connective-tissue cap- 
sule, of varying diameter. The encysted product of tubercle 
becomes a viscid, fatty, sometimes pigmented, paste; or lime- 
salts are deposited in it, which results in its being transformed 
into a dry, cement-like mass. Finally, it becomes calcified, and 
is termed a calcareous concretion. 

The tissue in the neighborhood of the diseased focus behaves 
differently, according to whether originally only discrete or con- 
glomerated, and closely lying foci were present. The surround- 
ings of a horny nodule are found to be lung-tissue, which is 
radiatingly contracted, but otherwise normal, and from which 
the hard mass can be easily dug out. The structures in the 
neighborhood of a callous capsule, on the contrary, are firmly 
concreted with it, so that the capsule cannot be separated from 
the inclosing tissue. 

If from the very beginning, in a circumscribed district of 
lung-tissue, numerous nodules and infiltrations are present, and 
the lung-tissue itself is in the condition of a chronic infiamma- 
tion, the transformation into a hard, consistent callosity takes 
place, more or less extensively, usually in the apices of the lungs. 
The tissue is indurated, and, as it is almost constantly provided 
with an abundant supply of dark pigment, the callosity appears 
of a slate-color, or even black. This is the pigmentary induration 
of Virchow, the cirrhosis of Corrigan and Buhl. 

In the indurated lung-tissue are found all the before-men- 
tioned methods by which tubercle is healed — viz. : the white, 
almost cartilaginous, nodule, the size of a hemp-seed ; the gray 
or black node of a concentric striation ; the cement-like or cal- 
cified mass, directly imbedded in the callosity. 

Observation, therefore, teaches that a genetic separation of the 
tuberculous nodule from the tuberctilous infiltration is not admis- 
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sihle ; that the later metamorphoses depend materially upon the 
circiimstance whether or not the nodule or node remained a tissue / 
and., further, that the possibility of a focus becoming callous depends 
greatly upon its size ; and, lastly, that the solidification of the lung- 
tissue may take place either by the formation of a capsule, or as a 
diffuse induration, and any of these are secondary occurrences. 

A second group, found most frequently in bodies of persons 
wbo died of tuberculosis, is called subacute tuberculosis. As the 
term “ subacute is mostly a clinical expression, we might term 
this from the disseminated or dispersed tuberculosis. Its charac- 
teristic feature is, that new tuberculous nodules and infiltrations 
are produced in comparatively short space of time, in consequence 
of repeated recurrences. 

If the ulcerative destruction has not reached a high degree, 
we find almost constantly the first form of tuberculosis, as a 
general thing, in the apices of the lungs. Upon examining an 
apex, not too much destroyed, we notice that, while the horny 
and calcareous nodules remain unchanged, the capsule originally 
inclosing a friable product has undergone marked alterations. 
In the transverse section of the callosity constituting the cap- 
sule we find gray, grayish-yeUow, or yellow nodules, the size of 
a poppy- or hemp-seed ; the inner surface of the capsule is lined 
with a firmly attached, grayish-yellow, layer, resembling croup- 
ous formations. After the removal of this, the intensely red- 
dened capsular wall is seen dotted with the before described 
nodules. Many of these are in a process of softening, or disin- 
tegration into a cheesy, friable mass. 

When numerous nodules were originally formed in the cal- 
losity, the infiammation accompanying the disintegration evi- 
dently leads to suppuration, local mortification, and ulceration 
of the capsule. The bordering formation of new callous tissue 
in the inflamed lung-tissue is scanty. Here and there a new 
rudimentary capsule may appear ; or it altogether may be absent 
where the disease is of rapid course, and then we find lung- 
tissue, which is eroded, uneven, sinuous, and studded with granu- 
lations. Consequently, we meet with transitions from an acute 
inflammation of the capsule of a tuberculous focus to its sup- 
puration, and to a partial new formation of a thin, so-called 
pyogenous membrane, and, finally, to an ulcerative destruction 
of the lung-tissue. 

Simultaneously an exudation takes place into the cavity, and 
the crumbly contents are saturated with the liquid. Should sup- 
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puratioii ensue on the inner surface of the capsule, which is 
freely vascularized, the pus mingles with the former contents, and 
a thin, serous pus results, which contains a number of friable 
particles. This is the so-called tuberculous pus. At length the 
entme mass becomes softened, and the formation of a cavity fol- 
lows, which is inclosed by a capsule and is therefore a closed 
abscess. The cavity may be completely surrounded by lung-tis- 
sue, thus producing the so-called parenchymatous cavity. If a 
cavity arises from a bronchus by a formation of tubercles in its 
mucous lining, or if perforation takes place into one or more 
bronchi, a bronchial cavity is formed, which result must follow 
after a certain size of the cavity is reached. By this means, the 
expectoration of the contents becomes possible, and, also, the 
access of atmospheric air to the contents of the cavity. 

The walls between two or more cavities may be perforated by 
ulcerations, due to a continuous or repeated formation of tuber- 
cles. Lastly, a cavity may arise from the confluence of a number 
of cavities, of sizes varying from that of a walnut to that of the 
flst of a child or the flst of a man, the walls being formed by 
lung-tissue, which is partly callous, partly sinuous and corroded. 

I would mention, incidentally, that not infrequently the cav- 
ity is traversed by firm cords of different sizes, and the walls 
thickly set with such formations. These are the remains of the 
former blood-vessels of the lung, which, by thickening of their 
adventitial coat, have become callous, and resisted the process 
of ulceration. Sometimes, as is well known, a tuberculous nod- 
ule, imbedded in the adventitia, may disintegrate before oblit- 
eration of the vessel, and, in consequence of the ulcerative 
destruction of the wall, a profuse or fatal haemorrhage may 
ensue. 

Finally, it may happen, perhaps, under the influence of 
the penetrating air, that a rapid ulcerative destruction invades 
large portions of the wall of the cavity, which becomes necrosed 
and, together with the neighboring tissue, passes into gangrene. 
Then we find the cavity bordered by lung-tissue, of a grayish or 
brownish-green color, eroded and containing irregular sinuses, 
while its contents are an offensive, putrescent ichor, mixed with 
blood, pus-flakes, and cheesy crumbs. These characteristics cor- 
respond to the tuberculous phthisis of Laennec. This term may 
be employed if we understand by it the ulcerative destruction 
of the lung-tissue, and if, by the addition of “ tuberculous,” we 
designate the nature of the destruction. 
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In addition to the above-described changes taking place in 
the neighborhood of the encysted or disintegrated foci, morbid 
processes occur in the rest of the lung-tissue, most intense, as a 
rule, in the upper lobes, while the lower lobes are comparatively 
little atfeeted. In more or less extensive districts, isolated nod- 
ules, the size of a poppy- or millet- or hemp-seed, are observed ; 
first as gray, gelatinous dots in the lung-tissue, this being satur- 
ated with a viscid, albuminous exudation. Starting from their 
•centers, the nodules then assume a grayish-yellow color, after- 
ward become yellow, and are finally transformed into a cheesy, 
crumbly mass, before a capsule or callosity has formed in the 
vicinity. While the old nodules take part in this metamorphosis, 
fresh gray ones arise, so that we often find in the same lung 
all transitions, from the gray to the yellow, and disintegrated 
tuberculous nodule. Sometimes the nodules are grouped around 
a bronchus in a wreath-like arrangement (Peribronchitis nodosa. 
Buhl), or they may appear first at the periphery of a lobule which 
is in the condition of a flabby, red, or grayish-red hepatization. 
They may also fill the whole lobule, retaining their nodular form 
as long as no disintegration has taken place. 

Sometimes only scattered nodules are met with in the diseased 
lung 5 sometimes nodules are combined with infiltrations; and 
sometimes only infiltrations present themselves, which consist of 
grayish-yeUow, firm, half -dry foci, ranging in size from that of a* 
lentil to that of a hazel-nut, such as I have described as occurring 
in chronic tuberculosis. 

The infiltrations become disintegrated into a friable, crumbly 
mass. This disintegration always starts from the centers of the 
diseased parts. The view held by older pathologists, and also 
by Virchow, is that the softening is a chemical process, occur- 
ring, perhaps, independently of any imbibition of water from 
without. This idea of a melting process taking place, as it were, 
in the own liquid, follows from the belief that the infiltration 
from its very outset appears of a certain size, and retains this 
size until ‘‘‘ melted ’’ or transformed to softened cheese.” A 
different explanation may be obtained if we remember the fact that 
the node at its periphery continues enlarging, and that the oldest 
focus of disease is to be looked for at the place where the soften- 
ing starts. The tuberculous mass, therefore, may have become 
soft by liquid derived from the inflamed neighboring parts before 
peripheral new production has occurred, which still exists in the 
cheesy ” stage. 
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Softened infiltrations are usually bounded by tbin, yellow, 
sinuous layers of tissue. In the vicinity the lung usually ap- 
pears in the state of flabby, red hepatization, saturated with a 
viscid exudate, and at other times it is moderately indurated. 
The softening of the infiltrations also terminates in the forma- 
tion of cavities, and the ulcerative destruction of the lungs. This 
variety of tuberculous phthisis differs from that described before 
only in form and acuity, but not in any essential point, nor in 
its terminations. 

Sometimes, scattered or clustered nodules and infiltrations 
fill a district or the larger portion of a lobe so entirely that 
this becomes rigid, fragile, and, in part, atelectatic. In such 
cases, we may speak of a pneumoniform, subacute tuberculosis,. 
whose features are sufficiently marked to distinguish it from 
catarrhal or desquamative” pneumonia. If a group of nodules, 
or an infiltration lying close to the pleura, is disintegrated, and 
the pleura destroyed by ulceration, perforation into the pectoral 
cavity may follow. This is the most common cause of pneumo- 
and pyo-pneumothorax, which not infrequently accompany tuber- 
culosis of the lungs. 

In looking over the second form of tuberculosis of the lungs,, 
ive again are satisfied that there is no essential difference between 
a nodule and an infiltration ; that either may be transformed into a 
crumbly mass and become softened. The next step — i. e., ulcera- 
tion of the lung-tissue — is different only in its acuteness ; that is,, 
according to whether a number of scattered nodules are breaking 
down at different times, or whether an infiltration is continually 
softened and simultaneously increases in size at its periphery. The 
surrounding lung-tissue, in all forms of softening and local necrosis,, 
is evidently involved only in a secondary manner, therefore is in a 
r e-active, acute, or chronic infiammation. 

The third form of tuberculosis of the lungs is comparatively 
rare ; it is called tuberculous pneumonia, pneumonia tuberculisans. 
In the description of subacute tuberculosis, I have already men- 
tioned that lobules, in flabby hepatization, are sometimes the 
points where tuberculous nodules or infiltrations are formed. 
Should this grayish-red or gray hepatization involve a number 
of lobules, or nearly the whole of a lobe, the features of lobular 
pneumonia arise. It becomes tuberculous by the appearance of 
gray and grayish-yellow nodules, or of gray and grayish-yellow 
infiltration, either in the neighborhood of bronchi or at the 
periphery of the lobules, or scattered throughout them. In the 
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initial stages of tlie disease the infiltrations are not sharply 
marked from the surrounding hepatized lung-tissue. Sometimes 
they have the appearance of being composed of numerous con- 
glomerated particles the size of a pin’s point. 

At other times we find a lobe, or the larger portion of a 
wing, in the condition of lobar pneumonia, consequently En- 
larged, heavy, dense, rigid, and without air — i. e., in a grayish- 
red or gray hepatization; and if the inflammation has invaded a 
pigmented lung, it has the aspect of granite. 

In genuine croupous pneumonia the section looks finely gran- 
ular, owing to the filling of the alveoli ; if the inflammation has 
attacked a coarsely spaced, atrophic lung, it is filled with coarser, 
yellow exudation plugs. In tuberculous pneumonia, on the con- 
trary, we find, usually, in the vicinity of the finer bronchi, groups 
of moderately firm, grayish-yellow nodules, in varying numbers, 
imbedded in the hepatized tissue. I have observed this form 
several times, generally in the lower lobes, after capital opera- 
tions — f. i., amputations in individuals who, by previous sup- 
purative processes, had become broken down. 

In a third instance we find the whole wing in brown-red 
hepatization, its tissue without air, firmly indurated with a slight 
serous infiltration, and pervaded by numerous nodules the size of 
hemp-seed, or nodes from the sizes of a lentil to that of a hazel- 
nut ; these are mostly softened. Such a lung exhibits an aspect 
similar to that of porphyry. If the indurated tissue of the wing 
is profusely pigmented, the pigmentary induration, therefore, has 
invaded the whole wing, we find in it scattered nodules, usually 
of a size not exceeding that of a mdlet- or hemp-seed, which may 
be both obsolete and calcareous, or gray, grayish-yellow, and soft. 
Here, too, the characteristics of pneumonia are marked and have 
led to a condensation, hypertrophy, callosity, and pigmentary 
induration. Still the nature of the process is sufiSciently apparent 
by the presence of the nodules and infiltrations. 

Finally, we find in the indurated tissue of red-brown hepatiza- 
tion of which only little is left, firm, grayish-yellow, half -dry 
infiltrations, partly softened, about the size of a pea, hazel-nut, or 
perhaps as large as a walnut, which are closely packed together 
or confluent. An entire lobe, or wing, with the exception of 
scanty remains of red-brown, hepatized lung-tissue, may be per- 
vaded by this “ cheesy” infiltration, which on being scraped 
yields only a small amount of a cloudy liquid. Such an infiltra- 
tion renders the diseased tissue friable and brittle. Only the 
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pigment indicates the otherwise unrecognizable lung-tissue 
(Eokitansky). 

One of the eases which I observed deserves mentioning, because it will 
be of value in supporting the theory of tuberculosis, to be dwelt upon later. 
A strong boy, aet. 15, was taken to the hospital with the symptoms of typhoid 
fever. Soon pneumonia of the right lung was diagnosticated. Two months 
afterward the patient died, with symptoms of a clinically diagnosticated tuber- 
culous pneumonia. In autopsy I found the right wing pervaded by ^‘cheesy” 
infiltrations to snch a degree that the tissue was atelectatic and firm ; the left 
lung at its apex contained an infiltration the size of a child’s fist. The infiltra- 
tions in both apices were softened, and in the right apex showed a number of 
cavities of different sizes, but not very large. No traces of any previous 
chronic tubercnlosis could be discovered. The spleen, the small intestines, and 
the mesenteric lymph-ganglia had the same appearance as seen in typhoid fever 
after the healing process had been going on for a few weeks. Here, therefore, 
under the infiuence of marasmus after typhoid fever, an original, clinically 
well-marked genuine pneumonia was changed into a tuberculous pneumonia. 

The nodules and infiltrations., through their peculiarities^ maij he 
at once recognized as tuberculous, because they are marhedly different 
from analogous nodular infiltrations of the lungs, as observed in 
carcinomatosis and p>ycBmia. The distinguishing features are : the 
white color, the scanty vascularization, the wreath-like arrange- 
ment around the pulmonary vessels in carcinomatosis ; the yellow 
color, the softness, the partial disintegration to pus or ichor, the 
purple color, and sometimes the dark red hepatization of the 
neighboring parts in pygemic infarctions. 

A fourth form of tuberculosis of the lungs is known by the 
name of the acute or miliary tuberculosis (Bayle). Here we find 
both lungs diseased nearly simultaneously, and to nearly the same 
extent. They are enlarged, heavy, profusely supplied with blood, 
and saturated with a viscid, cloudy exudate. In the apices we 
encounter chronic and sometimes even healed tuberculosis •, in 
other cases, no trace of this condition. The whole hyperaemic 
lung-tissue is pervaded in nearly uniform distribution by more or 
less densely arranged gray, or grayish-yellow, soft, translucent, 
opaque nodules, the size of poppy-, millet-, or hemp-seed. In 
several cases, the largest and most numerous of these nodules 
were found in the upper lobes ; comparatively few nodules of the 
millet-seed size in the right middle lobe, and but very few gray 
nodules the size of a poppy-seed (submiliary) in the lower lobes. 
AU cases of this variety exhibited in the meninges, the liver, the 
spleen, the kidneys, and the peritoneum the same morbid condi- 
tions in different combinations. 
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Beyond this stage no changes are observed, for this form of the 
disease, as’ a rule, terminates fatally, with symptoms similar to 
those of typhoid fever. This form is the rarest. It differs from 
nodular tuberculosis, termed subacute, only in the simultaneous 
appearance of tubercle nodules in different organs and the acute- 
ness of its course. I can corroborate, from my own careful 
researches, the statement of Buhl that in ten per cent, of the 
cases dead of this variety of tuberculosis no trace of cheesy focus 
can be found. 

Tubereulosis of the Serous mid Mucous Membranes. Under this 
head I shall only take into consideration tubereulosis of the 
pleura and the peritoneum, as these have supplied me with the 
most abundant material for observation. 

In the pleura, we find tuberculosis is always combined with 
the chronic or subacute form of the disease in the lungs, and 
in the peritoneum also, though here not so constantly, it is found 
secondary to tuberculosis of other organs. This form of disease 
has features corresponding with those of chronic tuberculosis of 
the lungs, and may be considered as chronic tuberculosis of the 
pleura and the peritoneum. 

The pleura of one pectoral cavity, and the parietal peritoneum 
in its whole extent, may be considerably thickened, and trans- 
formed into a white, firm, and dense callosity. I have seen the 
peritoneum in the pubic region as thick as the width of the little 
finger. These callosities were either formed by the costal, dia- 
phragmatic, and the pulmonary pleura, or, as is sometimes the 
case, mostly by the costal pleura alone. In the abdominal cavity 
the thickened parietal layer was concreted with the visceral layer 
by means of thin, pseudo-membraneous cords and plates. In the 
callosity I found abundant foci, from the size of a hemp-seed to 
that of a hazel-nut, containing a crumbly mass. In the pleura 
I met even with cavities, ranging from the size of a hazel-nut to 
that of a pigeon’s-egg, which were filled with a mixture of pus 
and cheesy particles. I could trace all transitions in consistence 
and liquefaction, from cheese to pus. I have several times en- 
countered such foci between the basis of the lung and the dia- 
phragma, and also at the anterior border of the lung, with 
perforations outward, between the third and the fourth rib. I 
have also observed this condition at the posterior border of the 
lung, in the niche formed by the union of the vertebrae and ribs, 
with caries of single ribs. In the peritoneum I have observed 
such cavities perforating into the abdominal space, with subse- 
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quent ulceration of the pseudo-membraneous adhesions, between 
the parietal and visceral layer, and a final perforation of the 
intestine from without inward. 

That tuberculous nodules of the peritoneum, however, may 
heal up in the same way as those of the lungs is proved by cases 
in which the small intestines are found massed together and 
thickened, and at the periphery surrounded by a thick, pseudo- 
membraneous capsule. Upon detaehing the firmly agglutinated 
loops, the visceral peritoneum was found strewn with nodules, 
either isolated or in groups, of the size of a millet- or hemp-seed. 
They were colorless, half translucent, and sometimes transparent, 
having a vesicular appearance ; or they were white, firm, fibrous, 
even cartilaginous, while many of the nodules and clusters were 
surrounded by a narrow area of dark brown or gray pigment. 

I have sometimes found, in the peritoneum, a second form of 
tuberculosis, of a subacute character — i. <?., a miliary tubercu- 
losis — with repeated recurrences. The conditions were the fol- 
lowing: after opening the abdominal cavity, which was filled 
with a serous or haemorrhagic exudation, I saw in both peritoneal 
layers, besides firm nodules encircled by pigment, others which 
were of a grayish-yellow or yellow color, surrounded by an 
injected or hemorrhagic area, and still other nodules which were 
gray or grajdsh-yellow in color, tolerably soft, easily mashed, and 
imbedded in the cloudy, swelled peritoneum. Scarcely a doubt 
could arise that, in such cases, the '^fibrous” and pigmentary 
nodules were the oldest, or they might even be healed, judging 
from their analogy to the “ obsolete ” or “ cartilaginous ” nodules 
of the lung, and also from the fact that pigment can form only 
after a certain length of time. That, however, repeated recur- 
rences had taken place was proved by the presence of tubercu- 
lous nodules in their different stages, such as we have become 
acquainted with through the researches of Laennec. 

A third form is the acute, miliary tuberculosis of the ])leura 
and the peritoneum, which is always combined with tuberculosis 
of other organs. We find the pleura and the peritoneum thiek- 
ened by psendo-membraneons layers and pervaded by iminniera- 
ble tubercles, which, in some parts, are isolated and in others 
coalesced. Some of these are mere dots, the size of a pin’s point, 
and others are as large as a millet- or hemp-seed. All of them 
show a nearly uniform grayish-yellow or yellow color. Psendo- 
membraneons callosities of varying thickness may be throughout 
crowded with yellow tubercles, which have, to a gTeat extent, 
29 
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become confluent, and in some localities are packed together 
without a trace of separating tissue. The same condition may be 
observed in the omentum after it has grown together into a Arm, 
bulky mass. Sometimes there are present simultaneously recent, 
cobweb-like, freely vascularized pseudo-membranes, which may be 
crowded with submiliary gray tubercle granules, not surpassing 
in size a pin’s point. 

Of the mucous membranes I shall consider only the mucosa of 
the larynx, the intestine, the uterus, and its tubes. The differ- 
ent forms of tubercle cannot be traced in mucous membranes, 
because the nodules and infiltrations lie near the surface and 
rapidly soften, disintegrate, and lead to ulcerative destruction 
of the mucosa. 

Doubts have been raised (Rheiner) whether or not the ulcers 
in the posterior wall of the larynx., which are so often combined 
with tuberculosis of the lungs, are really tuberculous in nature. 
As is well known, they are either follicular or cleft-like, either 
shallow and superficial, or sinuous ulcers, which, penetrating 
into the depth, sometimes cause necrosis of the cartilages of the 
larynx. All doubts regarding the tuberculous nature of these 
ulcers will disappear if we see — though not in many instances, it 
is true — in the mucosa of the larynx, at the borders and the 
basis of the ulcers, yellow, flat infiltrations, the size of milLet- 
or hemp-seed. 

The mucosa of the lower ileum, the caecum, the ascending and 
transverse colon, offer a good chance to study, macroscopically, 
the genesis and the course of tuberculosis. Not infrequently we 
see intestines in which there are all transitions, from minute, 
follicular nodules and superficial ulcers, springing from them to 
an ulceration, extending over several square inches in circum- 
ference, the so-called tuberculous phthisis of the intestine. 

The formation of tubercles, and the consequent ificeration, is 
sometimes chronic and sometimes acute in its course (Roki- 
tansky). I would mention here that the deepening and spreading 
of the ulcers is due to a continuous new formation of tubercidous 
nodules, which are seen as flat, grayish-yellow, and yellow forma- 
tions, the size of hemp-seeds, imbedded in the inflamed tissue. 
In the chronic course of tubercle formation a thickening of the 
mucosa and of the sub-peritoneal tissue takes place, in the neigh- 
borhood and at the base of the ulcer. The ileo-coecal valve may 
remain as a ledge-like projection, of several lines in thickness, 
of considerable density, and undermined by a number of sinu- 
ous ulcers, emptying above and below the valve. 
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When the ulceration penetrates the snh-peritoneal tissue, a 
circumscribed peritonitis always follows, corresponding in extent 
to the size of the ulcer. This peritonitis is decidedly marked by 
nodules, which are either discrete or grouped together in clus- 
ters, of a yellow or grayish-yellow color, and are imbedded in 
the tissue of the peritoneum, which is swelled, opaque, and often 
considerably injected and ecchymosed. Such an acute localized 
formation of tubercles, accompanied by considerable hypersemia 
of the peritoneum, may give rise either to a peritonitis confined 
to the hypogastrium, or to a general purulent peritonitis. Fi- 
nally, if in the peritoneum tubercle, in circumscribed places, is 
softened and disintegrated, and if no protecting pseudo-membrane 
has been previously formed, a perforation of the wall of the intes- 
tine will take place, with an escape of the contents into the 
abdominal cavity, and a general purulent peritonitis will set in, 
with a rapidly fatal termination. Tuberculosis of the mucosa of 
the uterus and the tubes exhibits similar characteristics. Here, 
too, the primary tuberculous formation appears as flat, gray, or 
grayish-yellow granulations, which are only exceptionally found 
in the mucosa of the fundus uteri and that of the swelled and 
winding tubes, I encountered most frequently ulcerative destruc- 
tion of the mucosa to a considerable extent. These ulcers were 
shallow, and were defined by abrupt, sinuous, and irregularly 
eroded borders. Upon removing the cheesy, crumbly, and some- 
times almost as if croupous, formation from the surface of the 
mucosa, flat, grayish-yellow infiltrations about the size of hemp- 
seed became at once visible. Real nodules are of as rare an 
occurrence in this situation as in the mucosa of the larynx ; for 
the prominenee, which is the essential feature of a nodule, is 
wanting. 

Tuberculosis and ScrofuJosis of the Lymph-ganglia. O. Sehfip- 
pel* has arrived at results widely different from those of Virchow. 
He admits the fact that there exists such a thing as primary 
tuberculosis of the lymph- ganglia, and that this may arise and 
terminate as a purely local disease. He describes the tubercles 
of the ganglia as “ globular, tolerably well-marked nodules of not 
more than 0. 3 mm. diameter, which are invariably and exclu- 
sively located in the vascularized follicles of the ganglion.’’ 
Schiippel also considers only the nodules to be tubercles, and, in 
his opinion, scrofulosis is nothing more than a miliary tuber- 
culosis of the inflamed hyperplastic ganglion. This conception 
I cannot accept as correct. True, sometimes we meet with 
* Untersuchungen iiber Lymphdriisen — Tuberculose,” 1871. 
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nodules — i. e., prominent formations of a size varying from that 
of a pin’s point to that of a hemp-seed — in ganglia which are 
swelled, softened, and grayish-red. More commonly, however, 
such nodules are wanting, and the diseased ganglion exhibits a 
grayish-yellow discoloration, either throughout the transverse 
section or only in a portion of it, and in the latter case the dis- 
coloration is sharply marked from the gray-red, vascularized 
portion of the ganglion. If a discoloration is observed in a sub- 
miliary spot the size of a pin’s prick or of a poppy-seed with- 
out a protrusion, what reason have we for calling it a “ nodule”? 
Would it not be more correct to name such a condition an “infil- 
tration”? If we observe whitish-yellow snbmiliary spots on a 
grayish-yellow basis, are we authorized in calling only the whitish- 
yellow parts tubercles ? And, lastly, if the whole ganglion has 
become homogeneous, grayish-yellow, half-dry and friable, where 
are the tubercles? 

I should say that here, as in every other tissue, a sharp dis- 
tinction between the tuberculous nodule and the tuberculous infil- 
tration leads to confusion and error, and I should prefer insisting 
upon the genetic identity of both these forms, also in the lymph- 
ganglia. I, however, agree with Schiippel in the view that the 
tubercle is formed from an inflammatory new formation, and that 
scrofulosis and tuberculosis are identical. 

If we should place before a person a lymph-ganglion in 
“ cheesy ” metamorphosis, without telling him from what part of 
the body it came and what were the concomitant phenomena, 
would he be able to decide whether this ganglion was scrof- 
ulous or tuberculous, or whether it came from the region of 
typhoid or cancerous disease ? I should certainly think not. The 
feature common to all is the grayish-yeUow infiltration, the 
“ cheese ” of Virchow. Later stages of disintegration, softening, 
suppuration, or calcification are also identical. Nevertheless, 
Virchow considered it necessary to separate “ scrofulosis ” from 
“ tuberculosis.” 

To what the “cheesy” degeneration is due I will demonstrate 
later. Here I only wish to maintain that there is no one in- 
variable anatomical sign which would entitle us to call a given 
ganglion either scrofulous or tuberculous. Schiippel, however, 
deserves credit for having demonstrated, by the means of micro- 
scopic research, that the theory of “hyperplasia” and “hetero- 
plasia” is not tenable, especially so far as tuberculosis of the 
lymph-ganglia is concerned. 
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Finally, I would draw attention to the fact that the ganglion 
in grayish-yellow or cheesy infiltration may become softened 
and suppurate. This process starts from certain centers, and 
results in the formation of a “ scrofulous ’’ abscess. In an abscess 
of this kind, the thin pus mixed with cheesy crumbs is so charac- 
teristic that the experienced surgeon Schuh at once made the 
diagnosis of scrofulosis ” in an apparently well-nourished indi- 
vidual, when upon incision the abscess yielded pus of the above 
description. 

On the other hand, the softened infiltration may become 
fatty and encysted, or calcified, and in the latter case the 
whole lymph-ganglion in time is transformed to a calcareous 
mass the size of a hazel-nut, such as we sometimes fi.nd in the 
mesentery. 

TuhercAdosis of the Kidneys — Concomitant Nephritis. Before 
entering upon the description of my researches concerning tuber- 
culosis of the kidneys, I would remark that the kidneys here con- 
sidered were not primarily affected by tuberculosis, but the same 
pathological condition existed in other organs, notably in the 
lungs. 

Not infrequently we meet, both in the pyramids and in the 
cortical portion, with single, white, almost cartilaginous infiltra- 
tions, of sizes varying from that of a millet- up to that of a hemp- 
seed, which are surrounded by unchanged kidney -tissue, and, in 
accordance with analogous occurrences before described, might 
be considered as healed tubercles. Whether or not the firm, yel- 
lowish-white, callous nodes, the size of a lentil or a pea, are tuber- 
culous formations is doubtful, for we also see such nodes in the 
kidneys of non-tuberculous individuals. They might be, with 
equal reason, considered healed infarctions, more particularly if 
any evidences of healed endocarditis are found. 

Chronic and Snhacute Tuberculosis of the Kidneys I have 
encountered much less frequently than other forms of the 
disease. I have occasionally seen small, yellow, friable infiltra- 
tions in the swelled, cloudy, partly ecchymosed cortex, in the 
neighborhood of which wreath-like or discrete infiltrations, the 
size of a millet- or hemp-seed, were found. I concluded, from 
similar occurrences in the lungs, that the larger infiltrations were 
the oldest, the smaller ones of a later date, without maintaining, 
however, that the former originated from the latter. In chronic 
tuberculosis of the kidneys, tuberculous phthisis may arise from 
confluence of a number of foci, which, though a simultaneous cal- 
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lous condensation of the bordering connective tissue takes place, 
may become softened and produce cavities (Rokitansky). 

Lastly, acute miliary tuherculosis of the kidneys is observed as 
infiltrations, not exeeeding the size of a millet-seed, which, as a 
rule, are most abundant in the cortical substance, and present, in 
a comparatively small amount, in the pyramids. Such formations 
are either scattered or, in part, elustered together, with simulta- 
neous miliary tuberculosis of the lungs, the peritoneum, and the 
liver. This form of tuberculosis of the kidneys I have seen but 
twice. 

Here I wish to draw attention to the nephritis whieh accom- 
panies both the tuberculosis of the kidneys and that of other 
organs. Usually, many different forms of nephritis are classed 
under the head of “ Bright’s disease,” and Rokitansky especially 
distinguishes an acute and a chronic form. I wish briefly to 
state that, in these two varieties of Rokitansky, I recognize two 
kinds of inflammation of the kidneys, readily distinguishable 
as diseases siii generis. What Rokitansky describes as acute 
Bright’s disease ” should be designated croupous nephritis^ a 
characteristic of which, in addition to the inflammatory swelling 
and redness or hyper£emia, is a diffused exudation. Rokitansky’s 
chronic form of Bright’s disease,” on the contrary, must be con- 
sidered an interstitial, catarrhal, or desquamative nephritis. 

In croupous nephritis tubular casts appear in the urine, and 
large quantities of albumen, and the casts are recognizable even 
after waxy degeneration of the kidneys has ensued. In catarrhal 
nephritis, on the contrary, there is albumen in the urine in a 
comparatively small quantity, the tubular casts are missing, and 
only desquamated epithelia of the uriniferous tubules are found. 
It is obvious that these forms of inflammation are different only 
in degree and not in acuteness. Catarrhal nephritis may also 
appear in an acute form and be followed by acute recurrenees, in 
which, as a rule, the urine becomes more albuminous. 

The characteristic pathological sign of catarrhal or interstitial 
nephritis is the striation of the sometimes slightly, sometimes 
considerably, swelled cortical substance. The striation is most 
marked on the boundary line between the cortical and pyramidal 
substances. The seat of the disease is evidently the connective 
tissue between the uriniferous tubules, while the exudation into 
' the tubules leads only to a desquamation of the epithelia, but not 
to formations similar to those of croup of mucous membranes. 
In acute catarrhal nephritis and in its acute recurrences there 
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are gray striations, alternating with the dark brownish-red 
hypergemic kidney-tissne and the engorged blood-vessels. In the 
chronic form of this disease, on the contrary, the striation is of a 
grayish-yellow color, and there is no hypersemia whatever of the 
kidney-tissne. 

One of the reasons which led to the statement that these 
two varieties are different morbid conditions, was the difference 
observed in the appearance of the consecutive atrophy. After 
croupous nephritis this appears on the surface of the kidneys as 
a coarse lobulation, with the formation of irregular elevations 
and depressions of the cortical substance; while after catarrhal 
nephritis there is only a more or less uniform granulation and 
shallow furrowing of the surface. The most striking proof is 
furnished by kidneys which were in both poles in part attacked 
by catarrhal and in part by croupous nephritis. The parts in 
catarrhal inflammation exhibit fine granulation on the surface 
and corresponding grayish-yellow striation of the nearly uni- 
formly reduced cortical layer. In the portion attacked by 
croupous inflammation the surface is coarsely lobular, and a 
grayish-yellow infiltration prevails in both the irregularly 
atrophied cortical and the reduced pyramidal layers. 

In the highest degrees of atrophy after catarrhal nephritis 
the kidney is uniformly reduced to a half, a third, or even less, 
its original size, yet still there is an indication of the striation of 
the narrowed cortex, which blends, almost without a boundary 
line, with the striated pyramids. The granulation of the surface is 
very marked. After croupous nephritis in the highest degrees of 
atrophy there are large nodes, separated from each other by deep 
furrows, with an almost complete destruction of the cortical sub- 
tanee, and also a marked reduction of the pyramids, which are 
pushed apart. In addition, there is a considerable amount of 
fat at the periphery, and also at the hilus of the kidney, and a 
more or less marked secondary waxy degeneration of the kidney- 
tissue, which in some places may be reduced to a diameter of not 
more than four to five lines. 

In both forms of nephritis, however, fatty and waxy degenera- 
tion occur. Fatty degeneration in either produces a diffuse yel- 
low discoloration of the kidney, and for the recognition of the 
original morbid process the increased volume of the organ and 
the aspect of its surface are decisive. I have observed high 
degree of waxy degeneration after both kinds of nephritis, but 
so far as my subjects of observation admit of a conclusion, I 
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should say this condition was less frequent after catarrhal than 
after croupous nephritis. In the first instance^ the waxy 
degeneration invades a pale or dark-hrownish-red kidney, or it 
may be confined to the pyramidal substance only ; while in the 
last instance the lardaceous appearance is uniformly distributed 
throughout the organ. 

Out of two Jmndred eases of tuberculosis of different organs I found 
croiqjous nephritis only seven times. In bodies, on the contrary, 
in which tuberculosis was the cause of death, I have never failed in 
fielding catarrhal nephritis. I am far from eonnecting nephritis 
in causahrelation with the tuberculosis of other organs. Catarrhal 
nephritis almost invariably accompanies all severe aeute and 
chronic diseases — f . i., croupous pneumonia, typhoid fever, small- 
pox, pyaemia, chronic suppurative processes, etc. Besides, both 
forms of nephritis may appear primarily with the well-known 
symptoms, and in their severest forms lead to a fatal termination. 


Theory of Tuberculosis. 

Anatomical Signs of the Tubercle. We must examine the char- 
acteristics of the morbid process which are concerned hi the 
formation of tubercle : the features which are observed by the 
naked eye, those brought to light by the microscope, and those 
inferred from the views taken by different pathologists. In this 
way we may obtain a definition of the tubercle. 

What are the characteristic features of tubercle ? 

Is it the nodular shape! Certainly not. We know of a num- 
ber of diseases of the skin which are characterized by nodules, 
such as lichen, milium, acne, etc., and all foUicular furuncles are 
at first nodular. We know that in catarrhal inflammation of the 
mucous membranes nodular follicular swellings occur, which dis- 
appear as soon as the inflammation subsides. Occasionally we 
find, in corpses where there is no sign of tuberculosis, nodules 
the size of a pin’s point or a poppy-seed, in the peritoneal cover- 
ing of the liver and spleen, and sometimes, also, in the pleura. 
These are very firm, transparent, without an injected area, and 
are located on slightly cloudy or unchanged bases. Their origin 
is apparent to any one who has seen acute pleuritis, especially 
in the neighborhood of peripheral pyeemic infarctions of the 
lung, and acute peritonitis in its earliest stages — f. i., in puer- 
peral process. Further, we often encounter, chiefly at the free 
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border of the bicuspid valve, nodules the size of a millet- or 
hemp-seed j these are sometimes pedunculated, and are papillary 
vegetations from former endocarditis. Lastly, a number of 
tumors, fibroma, papilloma, sarcoma, and cancer appear, first as 
a nodule. Who would think of designating such nodules tuber- 
cles, although they are in reality tuberculcU f 

Is it the form of an infiltration ? We have no better grounds 
for that. The swelled patches and solitary follicles of the mu- 
cosa of the intestines, the enlarged bronchial and mesenteric 
lymph-ganglia in typhoid fever, pysemic infarctions of the lungs, 
etc., furnish examples of circumscribed infiltrations ; in croupous 
pneumonia and in croupous nephritis we have specimens of dif- 
fuse infiltrations, and such infiltrations, it is obvious, have noth- 
ing in common with tuberculosis. 

We, therefore, look in vain for the shape to distinctly charac- 
terize the disease termed tuberculosis. Not only tuberculosis, but 
any product of inflamnuition, may appear at one time as a nodule, 
at other times as an infiltration. Let us search further for a 
pathological feature peculiar to this disease. 

Is it the cheesy metamorphosis? We know, on the one hand, 
that tuberculous nodules do not always pass on to this meta- 
morphosis, as is demonstrated by the isolated ^‘ fibrous” tubercles 
of serous membranes, whose cure is made manifest by the pig- 
mentary area and by the obsolete nodes of the lungs, which, 
as mentioned before, sometimes attain the size of a sugar-pea. 
We know, on the other hand, that the tissues of cancer, of typhoid 
lymph-ganglia, nay, pus itself, may undergo a cheesy metamor- 
phosis. Virchow announced that a tissue might, under some con- 
ditions, become caseous, as it might under other conditions enter 
calcareous, fatty degeneration or become putrescent. According 
to his view, there is a hyperplasia which terminates into a cas- 
eous condition (scrofule of a lymph-ganglion) and a hetero- 
plasia which also terminates in the same caseous change (tubercle, 
cancer). This cheesy” change, therefore, cannot be an essential 
feature of tubercle. 

Is it the heteroplasia ? In Virchow’s classification the miliary 
tubercles belong to the lymphatic tumors ; they are adenoid — 
i. e., gland-like new formations and heteroplastic productions — 
which means that they originate “in plaees in which they do not 
belong.” I cannot think that Virchow intended this for a serious 
definition. We know perfectly well that any inflammatory new 
formation, without exception, any “ accumulation of cells,” may 
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be of a “lymphoid” character, — f. i., the granulations of a wound, 
— and very likely every disease does originate in a place where it 
does not belong. Besides, Sehhppel (1. c.) has demonstrated that 
the view of a “heteroplastic” origin of the tubercles of the 
lymph-ganglia is not tenable. 

More recently, efforts have been made to locate the essential 
sign of the tubercle in its muUinuclear elements — Rokitansky’s 
mother-cells. In this view, the presence of a central “ mnltinn- 
clear cell ” woidd be sufficient to stigmatize all the surrounding 
“ lymphoid” new formation as tuberculous. We know that the 
so-called “ giant-cells ” occur, not only in normal medidlary tissue 
of bone and in inflamed tissues, such as cornea, cartdage, bone, 
but also in a number of tumors (sarcomata), so that it is impossi- 
ble to consider them as deflnite characteristics of the formation 
of tubercle. They are no more speciflc for this disease than are 
the “ tubercle-cells ” of Lebert. 

Neither are we justified in claiming that the minute size of 
the elements, their transient nature, their “low vitality,” are 
characteristic. The so-called “ small-cellular ” sarcomata and can- 
cers in disintegration exhibit elements which are certainly still 
less stable than those of the tubercle. Besides, we find in the 
tubercle the large, so-called epitheloid, and also the very large 
multinuclear elements. 

This much is certain, that all previous definitions of tubercle 
lack clearness. I again return to the question, what are the 
essential characteristics of tubercle ? 

Beyond doubt (and on this point aU observers are agreed) the 
tubercle is a new formation — i. e., a new product “in a place 
where it does not belong.” It, however, has a peculiarity known 
to all accurate observers. It contains no Mood-vessels. Tubercle, 
therefore, is an avascular new formation. 

Origin of Tubercle. As early as 1816 Broussais maintained 
that the tubercle, or rather the “tuberculous matter,” was a 
product of inflammation. Much discussion followed this assertion, 
but all was to no purpose, since nobody then knew what inflam- 
mation really was. Most later observers have considered the 
pneumonic form of tuberculosis of the lungs as inflammatory in 
nature, and even Virchow cannot be suspected, having considered 
every tuberculosis due to inflammation. 

While Broussais took “irritation” and “inflammation” for 
one and the same process, Virchow, in a logical manner, sepa- 
rated them. He says : “ Primary tuberculosis of the lymph-glands 


TUBERCULOSIS. 


459 


is primary only as tuberculosis, but not as a process of irrita- 
tion, whose irritating agency is generally carried in from an 
atrium.” This ingenious remark shows that the irritating agency 
is to be considered as the cause — the irritative process, on the 
contrary, as the result. The difference between the ‘irritation” 
of Broussais and the “ irritative process ” of Virchow is obvious. 

The history of the theory of inflammation elucidates the 
meaning of the process under consideration. Humoral pathology 
placed it almost exclusively in the blood-vessels and in the diseased 
blood. Cellular pathology, on the contrary, set aside the blood- 
vessels and everything arising from the blood, and sought for the 
essentials in a disease of the tissue, in the inflammatory new 
formation. To the irritating agency at first the blood-vessels 
only responded ; later, only the cells of the tissue. 

S. Strieker, in 1870, in opposition to these views, urged the 
importance of the blood and the blood-vessels as factors in giving 
rise to the inflammatory process; and he demonstrated that the 
blood-vessels take an essential part in the production of tissue 
changes. 

Since then, somewhat more has been added. It is proved 
through my own researches that, besides the exudation and the 
new formation of living matter, the new formation of blood and 
blood-vessels is an essential feature of traumatic inflammation. 
I have shown that the process of inflammation first causes a 
liberation of the living matter, which before was infiltrated 
with basis-substance ; that the inflamed tissue first returns to 
its juvenile or embryonal condition, and that it splits up in 
the primordial elements from which it originated. The “ inflam- 
matory cell-infiltration,” therefore, must be regarded only as the 
representative of an early normal condition. A real “ inflamma- 
tory new formation ” does not take place till later, when the living 
matter is newly formed and the elements divide in boundaries, 
depending upon the more compact centers, the nucleoli and the 
nuclei. ' 

Rokitansky, in 1854, ascertained that the “ tissue-cells” are 
not by any means the only starting-points of inflammatory new 
formation, but in the outgrowth of connective tissue the “ inter- 
cellular substance” also participates actively. I demonstrated in 
1873 that the basis-substance of aU varieties of connective tissue 
is abundantly supplied with living matter, and that after a dis- 
solution or liquefaction of the glue-yielding basis-substance the 
living matter is productive as well as the cells. I have therefore 
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supported the views held by Kokitansky, in opposition to the 
plasma theory of Schwann and the cell-proliferation of Virchow. 
The snbstratnm of the inflammatory new formation, the out- 
growth of connective tissue, is the whole of the living matter of a 
living tissue. 

This process, as before mentioned, is constantly accompanied 
by a new formation of red blood-corpuscles and also of blood- 
vessels, due to a new formation of living matter. This occurs in 
all tissues formed from the middle germinal layer, which from 
their very origin are supplied with blood and blood-vessels. 

The result of these processes is the formation of a new tissue., 
which simultaneously becomes vasctilarized, such as granulations, 
vegetations, pseudo-membranes, etc. Virchow is satisfied in the 
belief that a “ tissue ” is a mere accumulation of “ cells ” ; while I 
have proved that we are justified in applying the term “tissue’^ 
only when the elements are in a continuous living connection. 
Isolation of the elements produces pus ; pus is not a tissue, and 
not endowed with the capacity for forming a tissue. 

The fact has been known a long time that inflammation may 
exhibit marked differences, both in its course and in its termina- 
tions. “ Acute and “chronic,^^ “sthenic’’ and “asthenic,” “plas- 
tic ” and “ suppurative ” inflammation are expressions common to 
all clinicians. One of the most striking differences in the course 
of infl ammation was based upon the circumstance that, in some 
instances, the disturbance is mainly confined to the vascular sys- 
tem, in others it mainly appears in the inflamed tissue itself. One 
of the main supports of the theory of the cellular pathology was 
that the phenomena of vascular disturbance, nay, the blood-ves- 
sels themselves, might be absent, — f. i., in the cornea or the car- 
tilage, — and, notwithstanding, the tissue could become inflamed. 
A new formation of “ cells,” even suppuration, might occur in 
such tissues, these results being sufficient for the diagnosis of an 
inflamed tissue. The essential feature of inflammation was the 
new formation of “ cells.” To-day, things are different. With us, 
a new formation of “ cells ” means a new formation of living 
matter, and we are satisfied that blood and blood-vessels are 
requisite to set up an inflammation. We know, besides, that in 
inflammation a number of blood-vessels perish, their hollow bio- 
plasson becomes solid and is immediately appropriated for the 
new formation of tissue; while a simultaneous formation of 
blood-vessels is going on by the hollowing and vacuolation of 
originally solid cords of living matter. 
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One fact only remains to be considered — namely, tbat on tbe 
one hand the phenomena in the vascular system, under certain 
circumstances, may be slightly marked, and on the other hand 
the new formation of living matter may be comparatively so 
scanty that in the inflamed district a new formation of blood- 
vessels is completely absent. With this knowledge we may 
undertake to analyze tubercle — it is immaterial whether in the 
form of a nodule or an inflltration. 

Tubercle arises in vascularized tissues only. The inflammatory 
phenomena in the vascular system in the initial stage of 
forming nodules are not marked to the naked eye, but are rather 
more distinct in the formation of an infiltration. 

Tubercle^ for the cellular pathologist, is a tissue composed of pro- 
liferated and divided '‘‘‘cells'^ ; ivith us, it is bioplasson freed from 
basis-substance, ivith a scanty new formation of living matter. This 
explains the gray color and the softness of a fresh tubercle 
nodule. 

Tubercle, furthermore, is a tissue which is connected with the 
mother-tissue, and in which all elements are in a living union, 
estabbshed by the connecting filaments. 

Tubercle is composed mostly of small elements, as there are 
only small centers of living matter — viz. : small nuclei and 
nucleoli. 

Finally, tubercle is avascular ; in other words, in the produc- 
tion of the tissue of the tubercle the new formation of blood-ves- 
sels is wanting. 

Tubercle may therefore be defined as an inflammatory netv 
formation, a tissue arising from an inflammation, ivith a scanty 
new formation of living matter and without any new formation of 
blood-vessels. 

Further Changes of Tubercle. In our conception, aU later meta- 
morphoses of the tubercle become easily understood. So long as 
tubercle is a tissue, in spite of the lack of blood-vessels, it may 
give rise to new basis-substance ; and if it has not exceeded a 
certain size, it then becomes fibrous or cartilaginous. This proc- 
ess leads to a healing of tubercle and to its obsolescence, while, 
as the residuum remains an indurated nodule, a granulation (in 
the sense of Bayle), a papillary vegetation. My views regarding 
the curability of miliary tubercle fully coincide with those of 
Empis and Waldenburg. 

Far more frequently a shrinkage of the bioplasson, an absorp- 
tion of the liquid, a so-called cheesy degeneration occurs, which is 
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due to the lack of blood-vessels, therefore to an insufficient sup- 
ply of nourishing material. In this condition the infiltration 
may persist as a tissue for quite a time. It is only after the 
shriveled, and in part fatty, elements are disconnected from the 
mother-tissue, and from each other, that the crumbly and friable 
mass becomes a foreign body, like pus. It then is subject either 
to being encysted or to softening, to liquefaction from without, 
and to necrosis. The first process is the result of an inflamma- 
tion of the surrounding vascularized tissue, leading principally 
to a new formation of callosities 5 the second process is due to an 
inflammation of the surrounding tissue, leading mainly to an 
exudation and suppuration. In consequence of the suppuration 
at the inner surface of the inflamed capsule serous pus arises, 
mingled with crumbs, and a cavity filled with pus — an abscess 
— is formed. The softened mass may become innocuous by a 
process of fatty and calcareous metamorphosis, and, as such, will 
not excite a new inflammation. 

The “ caseous metamorphosis ” of Virchoiv, therefore, is due to 
a shrinkage, a desiccation of the new formation, which is inflam- 
matory in the tuhercle, in consequence of the absence of nourishing 
blood-vessels. The softening of the “ cheese,’’ on the contrary, as 
has been already maintained by Lombard and Andral, is invari- 
ably due to a hyperaemia or inflammation of the vascularized 
neighboring tissue, and to a stagnation in its bloodvessels, which 
is frequently accompanied by haemorrhages and followed by the 
formation of pigment. In this numner, the tubercle is removed 
from the group of the lymphomatous new formations and the tuber- 
cular product deprived of all specificity. 

Comparison with Suppuration. It only remains to draw the 
parallels between tuberculization and suppuration, as these proc- 
esses are evidently kindred to each other. Eeinhardt, who con- 
sidered the tubercle as an inflammatory product, arising from an 
exudate (1847), declared the yellow tuberculous matter to be meta- 
morphosed pus. This conception has nothing in common with 
our ideas. That pus may become ‘‘ cheesy,” in consequence 
of an absorption of its liquid portions, and that pus-corpuscles 
under these circumstances may be transformed into tubercle 
corpuscles, — a process which Andral has termed tuberculization of 
pus, — is unreservedly admitted. But this does not by any means 
prove that suppuration and tuberculization are identical processes. 
In suppuration there is also a stage in which the diseased tissue. 
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though infiltrated with pus, is stiU a tissue. The comparison with 
pyaemic infarctions of the lung, as alluded to before, proves this 
statement to be correct. The differences, however, are sharply 
defined. The firm, brittle, half-dry tuberculous infiltration grows 
gradually, — i. e,, in peripheral recurrences, therefore in a chronic 
manner, — and may remain for months in the tissue stage before it 
becomes softened and disintegrated. In suppuration, on the con- 
trary, the whole process runs an acute course, being limited to a 
few days. Eight days after an injury which was immediately 
followed by purulent phlebitis, numerous suppurating pyjemic 
infarctions or abscesses maybe found in the lungs, and the more 
recent infarctions appear as soft, moist, yellow infiltrations. In 
the production of pus within the inflammatory district, the new 
formation of blood and blood-vessels is likewise absent, and the 
living matter of older blood-vessels breaks down into the inflam- 
matory new formation. Nevertheless, the result is strikingly 
different from tuberculosis. 

I recall the purple inflammatory area at the boundary and 
the dark red hepatization in the vicinity of an infarction of the 
lung, before alluded to. Such an inflammatory area is constantly 
present around every acute abscess. The tissue in purulent infil- 
tration is e\’idently richly supplied with liquid — i. e., an exuda- 
tion from without. When the separation of the elements follows, 
they are suspended in a comparatively large amount of liquid, 
the serum of pus. Then the result is the same as in the soft- 
ening and suppuration in the formation of tubercle, namely, an 
abscess, though in the latter instance this result only is reached 
by slow process. The abscess in the former instance is “ acute, 
containing thich, genuine pus — the “ good, laudahle, and healthy 
pus’’^ of the surgeons ; in the latter instance it is chronic, scrof- 
ulous,’’^ inclosing serous pus mingled with tuberculous matter. In 
the former case the process is accomplished within a few days ; in 
the latter it is extended over months and years. 

By inspissation of genuine pus and the shrinkage of the pus- 
corpuscles the same condition will result as after incapsulation 
of a softened tuberculous focus — viz. : a fatty, viscid paste, a 
cement-like mass, a calcareous concretion. Such a termination 
of suppuration is well known, especially in peripsoitic abscesses. 
If, on the contrary, an inundation of the inspissated pus takes 
place by exudation from without, in consequence of new inflam- 
mation, we find pus with cheesy ” crumbs, which is not materi- 
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ally different from tuberculous pus. The course and the 
termination may be identical with that of an acute abscess after 
the softened tubercle has become encysted. 

Tuberculous and Scrofulous Diathesis. In conclusion, I wish 
to make a few remarks on the scrofulous diathesis of the tissues. 
This, according to Virchow, consists in a “ feeble resistance on 
the part of tissues against disturbances, and a lowered capacity 
for equalizing disturbances ,• in an increased vulnerability of the 
parts, with a greater persistence of the disturbances.” The latter 
conditions are the consequence of a certain pathological consti- 
tution,” which consists in a “ weakness of single parts or regions 
and an especial weakness in their lymphatic organs,” and we 
must understand by this “a certain incompleteness in the arrange- 
ment of the glands.” Here we have the results of exact cellular- 
pathological research, and these results show what an important 
advance the cellular theory of tissue diathesis involves, in com- 
parison with the old humoral theory of the blood krases. 

The swelling of the gland is originally of an irritative, inflam- 
matory, and hyperplastic nature ; but under the influence of a 
certain “ incompleteness in the arrangement of the glands,” of a 
certain diathesis,” it undergoes further regressive metamor- 
phoses, and among these the “ cheesy ” is the most common. 
According to Virchow, the same holds good for the heteroplastic 
new formation of tubercle proper. 

In opposition to these assertions, it seems to be of advantage 
not to abandon the ground furnished by the above enumerated 
facts. 

Let us say : in the inflammatory new formation, which is the 
substratum, not only of scrofulosis of the lymph-ganglia, but also 
of tubercle, the old blood-vessels perish in the production of a 
new tissue, and no new formation of blood-vessels takes place. 
The succeeding step will be the shrinkage of the living matter, 
under certain circumstances the softening of the same, etc. 

Let us say, further : certain organisms have not the capacity for 
producing in a morbid condition, especially in the inflammatory 
process, abundant living matter, and we have before us the 
^‘scrofulous and tuberculous diathesis.” But we do not need 
such a thing as a “ diathesis,” for we only maintain what direct 
observation proves. The scanty production of living matter first 
causes a deficiency in the new formation of blood and blood-ves- 
sels ; this influences the shrinkage of the inflammatory product ; 
this in turn causes the disintegration, and finally the softening 
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by inflammation of the surrounding tissue, etc. Then the circle 
is rounded, and scrofulosis and tuberculosis are identical, 
according to the ideas of Laennec and Rokitansky. 

Why, in certain organisms, are the tissues so easily inflamed? 
Virchow says : It is remarkable that the disposition for tuber- 

culosis is always associated with a disposition for inflammation.” 
Here again a factor, the “disposition” is introduced, which ought 
to explain so much, and in reality does explain nothing. 

Let us say: we do not know why inflammatory processes 
occur, with much frequency, in certain organisms. Let us fur- 
ther acknowledge that we do not know why inflammation ever 
arises spontaneously ; in saying this, we speak the simple truth. 

Then we are at liberty to analyze critically all experiments 
which have been committed, since Villemin’s time, for the pur- 
pose of artificially producing tuberculosis in animals by inocula- 
tion and infection ; but what would we gain ? It would be folly 
to fight against observers — not to use a harsher expression — 
who, even in our day, insist upon the infeetiousness of cheese, 
and assert that not every kind of cheese is equally infectious. W al- 
denburg, one of the soundest experimenters, came to the conclu- 
sion that tuberculosis, by which he, in agreement with Virchow, 
obviously ref ers only to miliary tuberculosis, is due to the taking 
into the circulation finely distributed corpuscular elements. These, 
according to his view, would be deposited in numerous scattered 
foci in various organs, with the formation of nodules. Inspis- 
sated, cheesy pus, and caseous tissue of the lymph- ganglia, he 
says, are most generally the subjects of absorption. With him, 
too, miliary tuberculosis is a disease of absorption, for he agrees 
with the idea of Buhl, that miliary tuberculosis depends upon 
preexisting cheesy foci — in the face of the fact that Buhl himself 
admitted that in ten per cent, of the cases of miliary tuberculosis, 
he was unable to discover any cheesy foci whatever. 

What is the real gain from all this ? Many experimenters 
have succeeded in inducing an inflammation, every one in his own 
way, perhaps through embolism, perhaps by a different process. 
All of them have produced “miliary tubercles,” — that is, circum- 
scribed inflammatory products in circumscribed inflammatory 
foci, — and it may be admitted that all this was brought about by 
embolism. The inflammatory products, however, did not proceed 
to vascularization, but shriveled up and became “ cheesy,” there- 
' fore tuberculous. This was not due to the skiU of the experi- 
menters, for the reason that the cause of such a result lay in the 
30 
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organisms whicli were used for the experiment. That such a 
metamorphosis is easily produced in rabbits and guinea-pigs is a 
fact which has been well known for a long time. 

I abstain from drawing conclusions concerning the therapy 
of tubercle. For in the question of tubercle it is doubtless Vir- 
chow’s greatest merit that he has accurately defined the aims of 
therapy, namely : “ the removal of the disposition and the avoid- 
ance of all obnoxious irritation.” 

To my assertions made in 1874 I have but little to add. Since 
that time I have examined with the microscope a large number 
of different organs affected with tuberculosis, and have no alter- 
ation to make in my previous statements. More than this, I have 
become acquainted with the anatomical features characteristic of 
tuberculosis, recognizable not only in single pus-corpuscles, but, 
from the peculiar aspect of the colorless blood-corpuscles, in every 
fresh drop of blood. (See page 58.) 

There is a want of living matter^ and to this deficiency can be 
traced all the features observed in scrofulous and tuberculous 
individuals. This involves the peculiarity that such persons are 
easily attacked by infiammation in general, and especially by 
“ catarrhal ” inflammation of the mucous membranes. This in- 
cludes also an incapacity for reproducing blood-vessels destroyed 
in the inflammatory new formation of medullary elements. Blood- 
vessels being at first solid, bulky cords of bioplasson, which in a 
latter stage are hollowed out, cannot be reproduced in certain 
inflamed districts, and by this fact a clear understanding of the 
puzzle termed tuberculosis is made evident to our minds. Dyscra- 
sia, diathesis, disposition, and kindred expressions, filling medical 
literature and representing medical wisdom, deserve to be aban- 
doned. For we have something positive, something that every 
one can comprehend ; we have facts replacing all former vagiie 
ideas expressed by a fanciful nomenclature. 

Scrofulosis and tuberculosis are constitutional diseases. Want 
of living matter causes these and many kindred diseases, as, 
f. i., caries of the bones, lupus, etc. Unfortunately, I have not 
yet learned how to improve a person’s constitution, how to increase 
his living matter. Could we but do that, we might also extinguish 
forever the misery produced by these constitutional diseases 
which sweep away thousands of victims. Generations are sacri- 
ficed to an irrational mode of living, to an irrational waste of • 
living matter, in excesses of all kinds. 
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As to more recent researches, I merely allude to the modern 
views, which decidedly favor the parasitic origin of tuberculosis. 
This, it is said, is a contagious, an infectious disease, depending 
on the presence of a certain inoculable parasite. One claims 
that a certain disposition is required for the reception of the 
parasite ; another says that every one of us is tuberculous, only 
in some there is no manifestation of the disease, etc. Tuber- 
culosis seems a regular witches’ caldron for the brewing of 
absurd theories. 

A simple wound is sufficient to render a rabbit, a guinea- 
pig, a dog, etc., tuberculous, if these animals are kept in cellars, 
in cages, and poorly fed. Even a lion will die of tuberculosis 
under these circumstances. On the contrary, none of these 
animals will ever become tuberculous if left in freedom, and 
simply allowed to enjoy fresh air, proper food, and to live in a 
climate suitable for their organizations. 


XIII. 


TUMOES.* 


D efinition. Tumors are morbid outgrowths of living tis- 
sues. An exact definition is impossible; and Virchow t 
himself has said : “If we were to torture a person to the last 
degree of endurance, he would still be unable to tell what tumors 
really are.’’ The same author extends the limits of these forma- 
tions to such a degree that he speaks of “ tumors of extravasation 
and of retention” — that is, tumors which have arisen from a col- 
lection of extravasated blood, or an exudate, or physiological 
secretions. He furthermore dwells upon “ granulation tumors,” 
which, in the present view, are considered products of inflamma- 
tion. We shall confine the idea of tumors to those formations 
only which, by pathologists, are termed “ neoplasma ” or “ pseudo- 
plasma,” which originate without marked inflammatory symp- 
toms, and terminate without a typical end; while the inflammatory 
process is completed by the production of a cicatrix. The best 
definition is undoubtedly that of A. Liicke, who says : “ A tumor 
is a growth produced hy new formation of tissue, without a physio- 
logical termination.^^ 

* This chapter aims to present the outlines of oncology only. Since the 
establishment of my laboratory in New-York, over seven years ago, I have 
been generously supplied with specimens of tumors by a large number of 
physicians. I desire to return my thanks to them, and must specially mention 
by name Dr. H. B. Sands, for his kindness in this and other respects in sup- 
port of my laboratory. 

t “Die krankhaften Geschwiilste.” Berlin, 1863-67. The most exhaust- 
ive treaty on tumors, but unfortunately not completed. 
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Origin. All tumors originate from indifferent or medullary 
elements, in nearly the same manner as that by which physiolog- 
ical tissues are produced. No tissue can increase or pass into 
another, except through the intervening stage of medullary tis- 
sue, and no tumor arises from a normal tissue without the latter 
first passing through the same intervening stage. Virchow 
maintained that the new formation of a tissue — the hyperplasia 
— is either homologous (homoeo-plastie, Lobstein) or heterologous 
(heteroplastic, Lobstein) ; the former meaning a new formation 
of a tissue, identical or similar to the parent-tissue ; the latter a 
tissue differing in type from the parent-tissue. This idea cannot 
be carried out, as every new formation is at first heterologous — 
i. e., medullary tissue. 

The reason why a tissue sometimes produces a tumor is not 
understood. This, at least in some instances, appears to be due 
to a long continued irritation, or to an injury. But in many 
instances no such cause can be traced ; neither are we able to 
explain why the reaction following irritation is, in some individ- 
uals, an acute or chronic inflammation only, and in others the 
production of a tumor in addition. 

Tumors are tissues which, so long as they are in connection 
with the living organism, are living themselves — i. e., pervaded 
by a delicate reticulum of living matter in the same manner as 
physiological tissues. The type of a tumor is usually that of a 
physiological tissue ; in other words, there is no tissue constitut- 
ing a tumor which differs materially from the normal tissues. A 
difference, however, in many instances, is established, for the 
reason that the tissue of a tumor remains in an embryonal or 
medullary conditiou, without passing on to a more fully devel- 
oped type, — f. i., in myeloma, — or else the combination of the tis- 
sues is different from that which we know to be a physiological 
type — f. i., in cancer. 

It is an easy matter to explain the cause of the formation of a tumor by 
the terms general diathesis,’’^ or “general or local disposition.’’ Is there any- 
thing satisfactory in such an assumption ? Is it not more correct to honestly 
admit that we do not know the real etiology of a tumor ? 

An apparent progress was made by Thiersch, (1865) and by Waldeyer 
(1868), who claimed that the epithelia of cancer arise invariably from genu- 
ine preexisting epithelia, and that, therefore, cancer can originate only in tis- 
sues which* are offspring of the upper and under germinal layer, and in a 
physiological condition are constructed of epithelia. These assertions in turn 
have been disproved by both clinical and microscopical observation. A 
tumor once formed may gradually involve its neighborhood and grow at the 
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expense of the surrounding tissue ; it then hears the name of a malignant 
tumor. We do not know where this capacity for infecting is located. Malig- 
nant tumors have the property of producing their own kind in internal organs, 
mostly in the lungs and the liver, although often their origin was far from 
these organs. The inference is that particles of the tumor are carried as 
emboli by the vascular system of these organs, and being fixed there, owing 
to the narrow capillaries, increase and involve the tissue in which they are 
lodged. Cohnheim and Maas * have attempted experimentally to prove the 
presence of embolisms by transferring pieces, freshly cut from the periosteum 
of a dog, into the jugular vein of the same animal. Between the tenth and 
sixteenth day after the experiment they found the periosteal pieces embolized 
in the lungs, and exhibiting all the features characteristic of a new formation 
of bone-tissne. In animals which were killed after the twentieth day they 
found the pieces of periosteum shriveled, and no trace of ossification or of a 
neighboring inflammation. The above-named observers claim that their 
experiments prove the possibility of proliferation of cancer emboli, and, as 
they were not successful with scraps, of periosteum, they concluded that indi- 
viduals with generalized tumors lack the capacity of removing useless mate- 
rial from the organism. 

S. Strieker t analyzes these results, and gives the following summary: (a) 
Question : Are emboli of tumors capable of growing into tumors ? (h) Experi- 
ment : Emboli of periosteum have perished, (c) Conclusion : Emboli of 
tumors, therefore, do not perish. 

Repeated experiments have been made to infect dogs, by transferring 
particles of freshly extirpated malignant tumors of man, by inoculation, or by 
injection into the vascular system. C. O. Weber and B. v. Langenbeck have 
reported positive results. But as these results are so few in comparison with 
the failures of many other experimenters, and, in addition to this, dogs are 
known to be frequently subject to malignant growths, the conclusions derived 
from such experiments must be received with caution. 

Composition and Localization. In the composition of tumors 
connective tissue alv^ays enters, this structure being the carrier 
of blood-vessels. The character of the tumor depends greatly upon 
the amount of connective tissue present, its stage of develop- 
ment, and its combination with other varieties of tissue, such as 
muscles, nerves, and epithelia. There is a class of tumors which 
are composed entirely of connective tissue and its derivations, 
and exhibit a simple type of construction ; by Virchow these are 
termed simple Mstoid tumors. Another class shows combinations 
of several tissues, imitating, to some extent, the structure of cer- 
tain organs of the body, and Virchow proposes for their designa- 
tion the name organoid tumors. In a third variety of tumors 
the structures of different organs are incompletely represented, 
and such growths are called by Virchow teratoid tumors. Lastly, 

* Virchow’s Arcliiv. Bti. Ixx. 

t “ Vorlesungen iiher allg. u. exper. Pathologic.” Wien, 1878. 
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several types of tumors may be combined into wbat Virchow 
designates tumors of comMnation. Tumors may be localized, that 
is, confined to the production of a single growth in the body ; or, 
in other instances, several or a number of tumors may appear. 
In the latter case, aU tumors may be produced by the same tissue 
system ; or an originally solitary tumor may become multiple by 
what is called infection. Infection with the formation of multiple 
tumors may again be local if the tumors are near each other; or 
general, if the multiplication is brought about by the infection 
of different, usually internal, organs, distant from the original 
seat of the disease. In myeloma the infection is primarily car- 
ried by the blood-vessels; in cancers almost always by the 
lymphatic system. 

Benignity and malignity. For a number of years tumors have 
been divided, according to their clinical features, into benign and 
malignant. This designation is based upon the nature of the 
tumors, as well as their clinical course. Nobody doubts that a 
tumor as such can never be altogether benign, as it always 
expresses a morbid condition, and tumors of a so-called benign 
character may produce distressing and even fatal results by pres- 
sure and tension, atropy of organs, or disturbance of their func- 
tion. But it is of great importance to preserve the clinical 
nomenclature, so much the more from the fact that the patho- 
logical and microscopical features fully agree with the clinical 
observation. 

Benign tumors are those which appear in most instances as 
single growths ; if multiple, they arise in the same tissue system ; 
for instance, many chondromata are found in the osseous sys- 
tem, many lipomata in the subcutaneous tissue, many fibromata 
in the skin. They remain local during their entire course, are 
not infectious, and do harm only by disfigurement, ulceration, 
pressure, and tension. Such tumors are either composed of 
simple tissues or combinations imitating the structure of the 
normal organs. 

Malignant tumors are those which, though appearing originally 
as single tumors, subsequently, by local infection or by metas- 
tasis,” — i. e., transportation into other organs, — become multiple, 
therefore they are also called infectious tumors. Sooner or later, 
but invariably, they lead to general disturbances, to a breaking 
down of the constitution, and to a fatal termination, either by 
exhaustion, by haamorrhage, or by interference with the function 
of important internal organs, such as lungs, liver, kidneys, etc. 
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Dubious tumors are tliose wliich, at the outset exhibit a benign 
type, but spontaneously, or by improper or incomplete surgical 
interference, gradually assume the characteristics of malignant 
tnmors ; or, being from the first in a moderate degree malignant, 
gradually become infectious, and multiply both locally and in the 
internal organs. 

The peculiar wasting of the body, the depreciation of the con- 
stitution, the so-called “dyscrasia,” or “cachexia,” which by 
former surgeons was considered as the primary cause of the for- 
mation of malignant tumors, to-day is regarded as of secondary 
origin. In former times, cancer was considered as the result 
of a certain dyscrasia; to-day, surgeons are satisfied that tumors 
of this kind are the results of a local or general disposition. These 
expressions, as a matter of course, explain nothing. 

(a) Clinical and pathological features. The clinical differences 
between benign and malignant tumors are not distinctly marked in 
aU cases, but the degree of malignity can usually be determined. 

Fain in benign tumors is only exceptional, and if present it is due to 
pressure and tension, or a transient inflammation, and not lasting. Fibroma 
and cavernous angioma are sometimes painful ; neuroma is, as a rule, painful 
in a high degree. Malignant tumors are from the first painful, or become 
so in their course ; the more intense the pain the greater, as a general thing, 
is their malignity. Especially painful are malignant tumors growing in locali- 
ties which are abundantly supplied with nerves — f. i., the socket of the eye, 
the parotid region, the tongue, etc. 

The boundary in benign tumors is, in most cases, sharply defined to the 
sight or touch, and the tumor has a certain degree of movability, owing 
frequently to the presence of an ensheathing capsule. Malignant tumors 
usually appear as an infiltration, without sharp boundaries separating them 
from the neighboring tissues. It is only exceptional that a malignant tumor 
is sharply marked. 

Growth in benign tumors, as a rule, is decidedly slower than in malignant. 
It takes a number of years for a fibroma to attain the size of a man’s fist, while 
malignant tumors often reach the same size in a few months or years. 
Scirrhus or hard cancer is an exception ; it arises frequently with an apparent 
diminution of the bulk of the organ invaded, — f. i., the female breast, — and 
during a number of years shows only a limited growth ; while, on the other 
hand, some benign tunjors (for instance, the so-called cysto-sarcoma or myxo- 
adenoma of the female breast) may increase with great rapidity. 

The integument in benign tumors remains movable and pliable even after 
the tumor has reached considerable size. It is only after inflammation has 
been induced by pressure that a fixation of the skin occurs. Malignant 
tumors, though growing beneath the skin, very soon invade that structure and 
render it immovable before any considerable distension has taken place. There 
is an exception to this rule when an aponeurotic or serous layer intervenes 
between the tumor and the skin. 
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The number. Benign tumors are often single; sometimes, however, they 
may appear in large numbers, — f. i., fibroma, chondroma, lipoma, papilloma, — 
always growing from the same parent-tissue. Malignant tumors usually soon 
multiply, either in their immediate neighborhood, or as a secondary process in 
different localities, or in different systems and organs of the body. Excep- 
tionally, very large and rapidly growing cancer and, as a rule, flat cancer 
(epithelioma, rodent ulcer) of the face remain single. 

Ulceration. Benign tumors ulcerate only in consequence of local irrita- 
tion, by friction of clothing, pressure, their own weight, etc. Vascular 
tumors (angioma) occasionally break open and ulcerate spontaneously. 
Malignant tumors (myeloma) often, cancer always, ulcerate, after having 
attained a certain and usually limited size, if situated on the surface of the 
body or in a cavity in direct connection with the surface. In organs of the 
large cavities of the body a partial disintegration or softening of malignant 
tumors may occur, as a process kindred to ulceration. 

The ulcerating surface in benign tumors is smooth or covered with granula- 
tions, and discharges “ healthy ” pus ; the same feature is exhibited by the 
ulcers of myeloma whenever such an ulceration occurs. Cancers, upon break- 
ing open, present an irregularly deepened, often crateriform ulcer, with a 
rough, corroded base, lacking uniform granulation, and with Jagged, abrupt 
borders, discharging a scanty, ichorous pus. The tissues in the neighborhood 
of a cancerous ulcer are invariably hard, almost cartilaginous, to the touch, 
this being one of the most important diagnostic features. 

After the formation of an ulcer benign tumors may swell slightly, without, 
however, exhibiting any sign of more rapid growth, unless changing into a 
malignant type. Malignant tumors, after ulceration, invariably grow more 
rapidly. The same is the case after poulticing, irritation with local remedies, 
or injuries done through mistaken diagnosis with the trocar or lancet. The exu- 
berant growth of ulcerating malignant tumors takes the form of irregular 
vegetations, advancing toward the place of the least resistance, outward, 
therefore in tumors of the surface of the body. Only flat cancer (rodent ulcer) 
penetrates from the surface into the depth of the part affected without produc- 
ing vegetations. 

The lymphatic ganglia in the range of benign tumors swell only when they 
are the seat of inflammation, in what is termed a consensual manner ; similar 
swelling of the lymphatic ganglia may also occur in the earliest stages of 
development of myeloma and cancer. After the removal of the tumor the 
lymph-ganglia return to their normal’ condition. A real infiltration of the 
lymph-ganglion with its transformation into the tissue of the tumor, is excep- 
tional in myeloma, but is the rule in cancer. Pain and fixation of the swelled 
lymph-ganglion are the clinical signs of its invasion by the morbid growth. 
This happens the more surely after ulceration has started in the original 
tumor. 

Recurrence after extirpation is exceptional with benign tumors, though 
in some fibromata of the skin this occurs even after all diseased portions of 
the neighboring tissue have been carefully removed. Local reappearance is the 
rule with malignant tumors, with myeloma as well as cancer, and the recur- 
rence usually takes place within the first two years after extirpation. The 
second tumor may appear either locally — i. e., in the cicatrix after the 
operation — or in its neighborhood, indicating either that the “ roots ” of the 
disease had been left behind, or that at the time of the operation the infection 
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was present at some distant points not perceptible to clinical observation. 
Every recurrent tumor, as a rule, takes on a more malignant type than the 
preceding. RecuiTence in internal organs after extirpation is considered to 
be due to the fact that the tissues were already affected with the disease at 
the time of the operation. 

A multiplication of benif/n tumors never occurs in internal organs, and what 
was formerly considered a multiplication of chondroma, admits of a different 
interpretation. A multiplicity of malignant tumors, both myeloma and 
cancer, is often observed. Very probably this is due to a transportation of 
tissue particles from the tumor, either directly into the vascular system (in 
myeloma) or through the lymphatics and from them to the vascular system 
(in cancer). These particles produce emboli in places where most numerous 
and narrowest capillaries are found — i. e., in the lungs and the liver. A sat- 
isfactory proof of the presence of such emboli has not as yet been obtained, 
neither do we understand why the embolized particles should infect the neigh- 
boring parts and transform the normal tissues into a formation like them- 
selves. Such secondary tumors are sometimes present in enormous quantities, 
exhibiting the structm’e of the primary tumor. Not infrequently, however, 
secondary tumors, after cancer, do not show a trace of the characteristic epi- 
thelial structure of cancer, but that of myeloma. 

(1) ) Histological Features. The examination of a tumor with 
the microscope is of the utmost importance, as, in many instances, 
it is only by an examination of this kind that a correct diagnosis 
of the nature of the tumor can he obtained. 

In 1879 * I made the following statements : 

I fully concur with Prof. Liicke, of Strassburg, in the opin- 
ion that every practitioner should be acquainted with the minute 
structure of tumors. Such knowledge would enable him to give 
a more correct diagnosis and prognosis than is the case at 
present. Very often we can decide the future of the patient 
through microscopical examination of tumors, either after extir- 
pation or before it, when small parts of the tumor are removed 
for diagnostic purposes. 

We know that there exists a series of tumors — the benign 
— which do not materially interfere with the health of the 
patient. Such tumors are either formations of connective tissue, 
with fuUy developed basis-substance in its four principal varie- 
ties — viz. : myxomatous, fibrous, cartilaginous, or osseous; myx- 
oma, fibroma, chondroma, and osteoma. Or they may be 
composed of imitations of the fully developed tissues, sprung 
from the middle germinal layer of the embryo, such as angioma, 
lipoma, neuroma, myoma. Or, lastly, they may be combinations 

* “ The Aid which Medical Diagnosis receives from Recent Discoveries in 
Microscopy.” Archives of Medicine, vol. i., February, 1879. 
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of epithelial and connective tissue, such as papilloma and ade- 
noma. 

Another series of tumors, on the contrary, — called malig- 
nant, — have a deleterious influence upon the constitution of the 
patient. They grow rapidly, are painful, liable to ulceration, 
recur very often after extirpation, and produce secondary tumors 
in internal organs. For the differentiation of these growths we 
are greatly indebted to R. Virchow. He first cleared up the fact 
that some of these tumors are formations of connective tissue 
in its undeveloped embryonal or medullary (?ondition, for which 
he used the rather unsuitable denomination ‘ sarcoma ’ ; while 
others are combinations of epithelium and connective tissue — 
the so-called cancer forms. A third variety of tumors exhibits 
intermediate stages between these two kinds, and they represent 
what is termed, in a popular expression, suspicious tumors, such 
as myxo-, flbro-, chondro-, osteo-sarcoma, etc. These, upon their 
flrst appearance, do not impair the constitiition of the patient ; 
but gradually, or after repeated extirpations, or rather trials of 
extirpation, become decidedly malignant. 

The study of the minute anatomy of tumors, in its present 
condition, is as yet far from being satisfactory. Still, if the ques- 
tion should be raised, whether microscopy has advanced so far 
as to give a thorough decision of the benign, suspicious, or 
malignant nature of a tumor, the answer, doubtless, will be a 
hearty yes, it has. 

“ There are but very few points ‘worthy of consideration as to 
the nature of a tumor. The more of a dasis-suljstcmce of the ahove 
description is present, the smaller, therefore, the amount of free Uo- 
plasson bodies, the surer it is that the new growth is of a henign 
nature. On the contrary, the smaller the amount of hasis-suhstance, 
the larger the relative number of bioplasson bodies, the more cer- 
tainly does the tumor belong to a malignant type. The very worst 
tumors — glio-sarcoma, round-cell-sarcoma, and medullary cancer 
— exhibit a trifling amount of fibrous connective tissue. The 
difference mentioned, namely, is true, not only for sarcoma, but 
also for cancer. The more the connective tissue prevails, in 
comparison with the epithelial formations, the less malignant is 
its course, the more we are entitled to term it a ‘ scirrhus ’ 5 
while in the fast-growing and rapidly killing medullary cancers, 
the frame of connective tissue bearing the blood-vessels is very 
small, and the epithelia are ill-developed — viz. : remain in their 
medullary or embryonal condition. 
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“ Combinations of fully developed basis-substance, with partial 
retention of the embryonal character, are by no means rare they 
involve what is termed the suspicious nature of the tumor. These 
tumors allow of a prognosis of recurrence after extirpation, or of 
a gradual change for the worse, when the surgeon, judging from 
the appearances to the naked eye, has not the slightest idea of 
the threatening danger. The inflammatory process in even 
benign tumors may mislead the microscopist in exceptional 
instances, and it is only by a thorough examination of different 
parts of a tumor that a correct decision as to its nature can be 
obtained. The presence of inflammatory elements within the 
connective-tissue frame of cancer is well known to be decisive of 
its malignant nature, and the circumstance that such elements 
are often found on the surface of an extirpated cancer-tumor 
indicates, on the one hand, that recurrence will rapidly ensue, on 
the other hand, that such elements play an important part in the 
new growth of epithelia, characteristic of cancer.” 

Secondary Changes. The tissues of tumors are subject to the 
same pathological changes which we observe in physiological 
tissues. These changes sometimes deprive a malignant tumor of 
its malignity, either in part or altogether, and they may occasion- 
ally result in a spontaneous cure of either benign or malignant 
tumors. 

Inflammation ensues spontaneously, and after irritation or 
mechanical injuries from without. The inflammatory process is 
different here in its results, though not in its aspect, from the 
rapid new formation of tissue in malignant tumors. It some- 
times leads to a formation of an abscess in the depth of the 
tumor, and may terminate, as in physiological tissues, in the pro- 
duction of a cicatrix. It sometimes causes ulceration — i. e., a slow 
necrosis of the superflcial layers — or gangrene, with a partial or 
complete destruction of the tumor. Gangrene may ensue from the 
weight of a pedunculated tumor, from pressure, traction, etc. 

Haemorrhage occurs most frequently in tumors which are 
abundantly supplied with blood-vessels, or where the blood-ves- 
sels are dilated. It may lead to the formation of encysted extra- 
vasations in the middle of the tumor, — the so-called blood-cysts, 
— from the waUs of which again a new growth of the tissue of 
the tumor may arise. Haemorrhage often causes pigmentation of 
the tumors. Gangrene is sometimes produced after haemorrhage by 
complete destruction of the tissue, and in this way a cure may 
follow. 
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Fatty degeneration is often met with, especially in malignant 
tumors, and, if a larger portion be invaded, results in the forma- 
tion of the “ reticnlnm ” of older pathologists. Fatty degenera- 
tion rarely appears throughout the entire tumor, but if this 
happens, subsequent calcification and ossification ensue, rendering 
the growth harmless. Cheesy metamorphosis is sometimes ob- 
served with the production of a yellow, friable, half -dry, shriveled 
mass, as seen in tubercle ; this process is, as a rule, limited, and 
has no influence upon the further growth of the tumor. 

hhicous and colloid degeneration is a rather common occur- 
rence, especially in adenoma and cancer, and results in the for- 
mation of cysts. Upon this metamorphosis rests the formation 
of colloid and cystic cancer, and that of cysts in general. These 
will be dwelt upon later. Waxy degeneration is not infrequently 
found. All these metamorphoses lessen in a great degree the 
malignity of a tumor. 

Hyaline or hyaloid degeneration results in the transformation 
of the tissue elements into a transparent mass, extremely indif- 
ferent to the action of acids and alkalies, and is of rare occur- 
rence; it invades the tumor partially only and has no influence 
upon its general growth. The enlarged and concentrically stri- 
ated elements of the tumor sometimes exhibit peculiar sprouts 
and pedunculated formations — the “gems’’ of Rokitansky and 
the “ physalids ” of Virchow. The intimate nature of these proc- 
esses is far from being understood. 

Calcareous deposition is observed in fatty masses, transforming 
them into a dry, brittle, cement-like substance ; or it produces an 
incrustation of waxy or hyaloid corpuscles — for instance, in the 
psammoma ; or it invades all epithelia of cancer simultaneously, 
rendering the tumor innocuous. Large masses of connective 
tissue may become calcified, especially in fibrous tumors grown 
from the periosteum. Ossification., with the production of more 
or less irregular systems of lamellge, containing central medullary 
spaces and well-defined bone-corpuscles, occurs in a limited num- 
ber of tumors — fibroma, chondroma, myeloma, and so-called 
osseous cancer. In most instances this process represents an only 
incomplete mode of healing. 

Classification. For over seven years I have taught in my 
laboratory a systematic division of tumors — given in outlines in 
my essay, published in 1879, above quoted. If we bear in mind 
that an exact definition and classification is impossible — that 
there are innumerable transitions of one kind of tumor into 
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another, my mode of division will be found the simplest and most 
satisfactory, so far as my experience, which is based upon the ex- 
amination of many hundred tumors, permits a definite conclusion. 
The system is strictly histological. 

According to the four main varieties of basis-substance of 
connective tissue — the myxomatous, fibrous, chondrogenous, and 
osseous — I arrange the benign connective-tissue tumors proper 
as follows 1 

1. Myxoma. 

2. Fibroma. 

3. Chondroma. 

4. Osteoma. 

The embryonal or medullary condition of the connective 
tissue furnishes the well-known malignant type of : 

5. Myeloma (sarcoma). 

The combination of connective tissue with fat, with a large 
amount of blood-vessels, with muscles and nerves, provides four 
other benign varieties : 

6. Lipoma. 

7. Angioma. 

8. Myoma. 

9. Neuroma. 

Any one of the eight benign types may be combined with the 
type of myeloma, and then they are termed : niyxo-, fibro-, chon- 
dro-, osteo-, lipo-, angio-, myo-, neuro-myeloma. This combination 
shows that the tumor tends toward malignity. 

The combination of connective with epithelial tissue results 
in, the production of two varieties of benign tumors, in which 
the epithelium furnishes either the outer investment or produces 
glandular formations : 

10. Papilloma. 

11. Adenoma. 

The great majority of cysts are secondary formations of 
adenoma, and may, therefore, be considered under the head of 
adenoma. Adenoma may be constructed of myxomatous or 
fibrous connective tissue : Myxo- and fibro-adenoma ; or it may 
be built up by connective tissue in a medullary condition : Adeno- 
myeloma. 

The combination of connective tissue with epithelia not form- 
ing glands, but either having the appearance of pegs, nests, or 
plexuses, or filling alveoli, surrounded by connective tissue, gives 
the malignant type of : 
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12. Carcinoma. 

This simple division and nomenclature^ as a matter of course, 
admits of many subdivisions and combinations. All secondary 
changes, however, must be separated from the primary forms of 
tumors, as enumerated in the above system. 

1. Myxoma. Mucoid Tumor. 

Myxoma or mucoid tumor is a soft, jelly-like, half -transpar- 
ent growth, either sessile or pedunculated, composed of myxoma- 
tous connective tissue. Blood-vessels are sometimes abundant, 
at other times the supply is scanty. Myxoma may combine with 
other varieties of connective tissue ; frequently, also, it accom- 
panies glandular new formation. 

According to the different varieties of myxomatous tissue 
(see page 147), myxoma appears in the following forms : 

(aj Myxoma of Reticular Structure. This is composed of a deli- 
cate fibrous reticulum, holding chiefly at its points of intersection 
nucleus-like oblong plastids. In the meshes of the net- work there 
is a gelatinous, apparently homogeneous, basis-substance, which, 
upon being stained Muth chloride of gold, exhibits a delicate 
bioplasson reticulum. In the centers of the spaces lie single, 
double, or multiple plastids, some of which are about the size of 
a nucleus, while others show a finely granular zone of bioplasson 
around the nucleus. All plastids are connected by means of 
delicate filaments with the bioplasson contained in the basis- 
substance. (See Fig. 181.) 

This variety of myxoma is sometimes scantily, sometimes 
freely, supplied with blood-vessels. In the latter case the vessels, 
though they have the character of capillaries, are very broad and 
lined with large endothelia, and in their neighborhood the reticu- 
lum is always narrower and richer in plastids than is the rest of 
the tissue. It is this variety which is often combined with gland- 
ular new formations of both the acinous and tubular varieties, 
and then produces, if pedieulated, the so-called polypoid tumors 
of the mucous membranes. (See article Adenoma.”) Plastids 
crowding the meshes of the reticulum are found either in rapidly 
growing or in recurrent tumors, which are gradually assuming 
the malignant type of myxo-myeloma. 

Myxomata of reticular structure are observed in the skin as 
flat, sessile, or pedieulated, smooth or raspberry-like tumors, or 
they may be corrugated or lobate, and are often highly vascular- 
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ized. In the latter case they hear the name myxo-angioma. If 
the covering epithelium is freely supplied with pigment, it estab- 
lishes the variety called pigmented ncevus ; such tumors may be 
congenital or they arise in middle life. Sometimes the myxo- 
matous tissue in this situation is combined with fat, forming 
myxo-Upoma. 

In mucous membranes myxoma is also common, usually as 
pediculated, translucent tumors in the mucosa of the nasal, the 
pharyngeal cavity, the gums, the larynx, the rectum, and the 
uterus. Often they are combined with glandular new formation, 
representing the variety termed myxo-adenoma. In the external 
auditory canal and the tympanum they sometimes have the 



Fig. 181. — Myxoma. Phakyngeal Polypus. 


M, delicate fibrous reticulum with nuclei at the points of intersection, inclosing spaces 
which contain a jelly-like basis-substance and plastids ; P, either nucleated or of the aspect of 
nuclei ; V, blood-vessel. Magnified GOO diameters. 

appearance of simple granulations, as observed in wounds heal- 
ing by suppuration; and as both granulations and myxomata 
are identical in their minute structure, a positive statement as to 
their etiology is impossible. 

Myxoma also appears along nerves, and many of the tumors 
termed “ neuromata” are myxomatous growths arising from the 
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connective-tissue sheath of the nerve. Myxomatous tumors are 
sometimes found in the parotid gland, in the female breast, in the 
ovaries and the testes. In the last-named positions they may be 
combined with glandular and secondary cystic formations. Vir- 
chow observed myxoma in the medullary space of shaft-bones. 
I have seen an intra-ocular myxoma completely filling the slightly 
enlarged eyeball. 

(h) Myxoma of the Structure of the Umhilical Cord. This is 
composed of comparatively thick bioplasson strings which, hold- 
ing a varying number of nuclei, are united in a reticulum. The 
meshes contain the jelly-like basis-substance, and in this are im- 
bedded apparently isolated plastids, such as are found in the 
tissue of the umbilical cord. The homogeneous basis-substance 
is sometimes mixed with fibrous connective tissue, either in single 


Fig. 182. — Myxoma of the Parotid Gland. 

O, bioplasson-corrts, witli numerous nuclei, branching and nniting ; B, jell 3 ^-like Lasis- 
suLstance, which holds single mostly central plastids, I. Magnified 600 diameters. 

fibrill* or in delicate bundles. Grold staining brings to view the 
reticular bioplasson structure within both varieties of basis-sub- 
stance, as it does in the tissue of the umbilical cord. (See Fig. 
182.) 

The myxoma of umbilical cord-structure is rarer than the 

31 
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reticular variety ; it is often combined with the latter or with 
fibroma and chondroma. It has no blood-vessels ; but these are 
found in the adjacent fibrous or reticular structure, never very 
abundantly. 

(c) Myxoma of the Structure of the Thyroid Body, so called 
Lymph- adenoma. We may class these growths among the myx- 
omata, on account of the presence of lymph-corpuscles, filling 
closed spaces or alveoli, which are surrounded by well-developed 
fibrous connective tissue, carrying, as a rule, numerous blood- 
vessels. These tumors are imitations of the structure of the 
thyroid body, and are benign; Avhile tumors which are con- 



Fig. 183. — Myxoma or Lymph-adenoma, prom the Upper 
Jaw op a Woman. 

C, frame of fibrous connective tissue, carrying blood-vessels, B ; L, lymph-corpuscles fill- 
ing the alveoli, some of which are emptied by the cutting procedui’e. Magnified 500 
diameters. 

structed on the plan of lymph-ganglia are decidedly malignant. 
The latter I class among the myxo-myeloma. 

Tumors of the lymphomatous kind have been termed lymph- 
adenoma ; but as the word ‘‘ adenoma’’ means a glandular, there- 
fore epithelial, structure, of which there is no trace either in 
lymph- ganglia or in the more fully developed alveolar structure 
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under consideration, the term lymphoma seems to he more ap- 
propriate, although this has been previously disposed of for the 
designation of the very malignant so-called “ small cellular 
sarcoma.” 

Tumors of the structure of the thjrroid body are rare, and, so 
far as I have been able to ascertain their clinical history, of a 
thoroughly benign nature. Several of the cases which have come 
under my observation occurred in the lateral region of the neck, 
independently of the thyroid body. In one case, a tumor of this 
kind, the size of a man’s fist, occupied the region of both upper 
jaws, having evidently started from the lining membrane of one 
Antrum Highmori. (See Fig. 183.) 


2. Fibeoma. Fibrous Tumor. 



Fibroma is a firm, dense, and opaque growth, either sessile or 
pedunculated, composed entirely of bundles of a dense interlac- 
ing fibrous connective tis- 
sue, which contains only a 
few blood-vessels. We may 
cut the tumor at any point, 
and will always meet with 
bundles running in differ- 
ent directions, which are 
easily recognized with low 
powers of the mierqscope. 

(See Fig, 184.) 

With high powers we 
ascertain that the bun- 
dles, like those of physio- 
logical dense fibrous con- 
nective tissue, are com- 
posed of delicate spindles, 
closely packed together. 

Between the spindles we 
find finely granular bio- 
plasson and plastids, mostly reduced to the size of nuclei. The 
light interstices between the spindles are always traversed by 
extremely delicate transverse filaments, which interconnect the 
bioplasson formations contained in the glue-yielding basis-sub- 
stance. Similar filaments connect the bioplasson formations 


Fig. 184. — Fibroma of the Vagina. 

iX, bundles of fibrous connective tissue, cut longi- 
tudinally, interlacing with similar bundles at right 
angles, M ; O, bundles cut obliquely, and F, bundles 
cut transversely. Magnified 100 diameters. 
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with the spindles. An ohliqne section of a bundle is obviously 
marked by short spindles ; while the transverse section of the 
bundle exhibits circular formations, which are surrounded by a 
reticulum of bioplasson or of cement-substance. Where capil- 
lary blood-vessels traverse the tissue, the spindles are seen di- 
rectly connected with the endothelial wall by means of delicate 
filaments. (See Fig. 185.) 

The varieties of fibroma are : 

(a) Loose fibrous connective tissue^ composed of delicate bun- 
dles of fibrillse (see page 159), builds up fibrous tumors of a 



Fig. 185. — Fibroma of Vagina. 


L, connective-tissue fibers composed, of spindles, cut long-itudinally ; O,' oblique sections of 
spindles; T, transverse sections of spindles; C, capillary blood-vessel. Magnified 1000 
diameters. 

moderate degree of consistency, while the vascular supply is 
not abundant. They occur usually as sessile tumors of the skin, 
with a smooth or lobulated surface, and, if pigmented, bear the 
name of moles (nasvus or melainoma). They are frequently found 
on the mucous membranes, especially of the posterior nares, the 
pharynx and larynx, and the uterus. Polypous, pediculated tumors 
of the uterus are often constructed of delicate fibrous connective 
tissue, which in this situation is sometimes abundantly supplied 
with blood-vessels. This variety blends with the next. 

(b ) Myxo-fibroma or soft fibroma., which may be considered as 
an intermediate stage between myxoma and fibroma. The myx- 
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omatous character is caiised"’by the reticular arrangement of the 
usually delicate bundles of connective-tissue fibers, which at the 
same time inclose in their meshes a gelatinous, apparently homo- 
geneous, myxomatous basis-substance, with single plastids, hav- 
ing the appearance of nuclei. The fibrous character is produced 
first by the circumstance that the reticulum is composed of a 
number of fibrillee, in the midst of which delicate rod-like or 
spindle-shaped plastids are found, and secondly, by an inter- 
lacing of dense bundles with bundles which are loose and deli- 
cate. (See Fig. 186.) 

Tumors of this kind often exhibit a transition from the 
myxomatous to the fibrous structure; in addition to this they 



Fig. 186. — Myxo-fibkoma, Grown Beneath the Scapula 
OF A Woman. 

Bundles of fibrous connective tissue in a reticular arrangement. The spaces contain 
either bundles, 0, in an oblique or a transverse section, or a mucoid basis-substance, holding 
mostly central plastids, JP. Magnified 600 diameters. 

sometimes abound in fat-globules, thus assuming the character 
of lipoma. Myxo-fibroma is a common tumor in the skin and 
the mucous membranes. Bulky, folded masses of the skin, 
occurring in the face, on the chest, and the posterior aspect of 
the body, the so-called leontiasis, belong to this class. It is of 
somewhat rarer occurrence in the female breast, in internal 
organs, and as a periosteal growth. 
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(c) Bense^ interlacing bundles of fibers (see page 162) are 
found in firm, almost cartilaginous tumors of tlie skin ; if 
pediculated, they are termed fibroma molluscum. They develop 
in middle and advanced age, sometimes in large numbers all over 
the skin, and some of them may reach a considerable size — viz., 
that of a man’s fist, or even that of a man’s head. Tumors of 
this variety may be painful, like neuroma. In some individuals, 
especially of the colored races, there exists a peculiar liability to 
the formation of fibrous tumors. Around the auricles of the 
ear, in females, they are usually caused by the piercing for ear- 
rings. Such tumors are also remarkable for their disposition to 
recur after extirpation, though, as a rule, the recurrent tumors 
grow slowly, and retain their benign character. 

(dj Bear-shaped fibroma, heloid is a flat, radiating, freely vas- 
cularized fibroma of the skin, usually painful. It grows slowly, 
and attracts the neighboring skin in folds. It may grow from 
a scar, produced by previous operations with the knife, or by 
caustics, or independently of any previous cicatrix. It is also 
characterized by an extreme proneness to recurrence. Accord- 
ing to J. C. Warren, the cheloid is composed of more regular 
bundles of fibrous connective tissue than the original scar. 

Combinations. Fibrous connective tissue, combined with smooth 
muscle-tissue, is of common occurrence in the uterus and its 
appendages. Sometimes smooth muscles are so abundantly pre- 
vailing in the composition of the tumor that it deserves the 
name of fibro-myoma, or myo-fibroma. These tumors will be con- 
sidered in connection with myoma. Fibrous tumors, growing 
from the mucosa of the neck or the body of the uterus, may 
sometimes also exhibit an enormous new formation of tubular 
glands; a tumor of this construction must be considered as 
adenoma. Fibrous tumors of both the uterus and the ovaries 
not infrequently are supplied with a large number of blood- 
vessels, and then may be styled fibro-angioma. Sometimes fibrous 
tumors are the seat of partial depositions of lime-salts, — calcified 
fibroma, — and, especially those grown from the periosteum, may 
be partly transformed into bone — osteo-fibroma. 

3. Chondroma. Cartilaginous Tumor. 

Chondroma is a dense, firm tumor, composed of cartilage, 
either hyaline, fibrous, or reticular, or these varieties mixed. 
The fibrous portions sometimes produce trabeculge, which carry 
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the blood-vessels and inclose portions of the hyaline cartilage 
structure. 

Cartilaginous tumors are comparatively rare. They grow 
both from the soft tissues and from bone, and are more common 
in the latter situation than in the former. There are many 
transitions from myxomatous and fibrous into cartilaginous con- 
nective tissue, and the diagnosis often rests only on the large size 
and the regular arrangement of the plastids, termed cartilage 
corpuscles. 

Chondroma is a benign tumor which may appear multiple in the same kind 
of tissue, but, as a rule, it does not infect the neighboring parts. In very 
exceptional eases, however, true chondroma attains the capacity not only to 
infect its neighborhood, but also to produce secondary tumors in the lungs, 
never surpassing, however, the size of a walnut. Virchow enumerates six 
cases of this kind. 

Pathologists have described under the head of “ chondroma” soft tumors, 
rich in “ cells,” which were imbedded in a scanty, gelatinous basis-substance. 
Tumors of this kind were termed villous chondroma and mucous chondroma; 
they may grow into the blood-vessels and produce embolic metastases. 
Obviously, tumors of this description, though resembling chondroma under 
the microscope, are not cartilaginous tumors, but either myxo-myeloma or 
chondro-myeloma, both being of a malignant type. If firm, genuine cartilag- 
inous tumors are found in different localities of the body and in the lungs, 
also, there is no necessity for concluding that the latter are secondary 
formations. For the lungs hold in the walls of the bronchi enough hyaline 
cartilage to give rise under certain conditions (the chondromatous dyscrasia 
or diathesis of some writers) to primary cartilaginous tumors. 

Chondroma of the hyaline ” variety is constructed like 
physiological “ hyaline ” cartilage, the difference, at least in many 
cases, being that in chondroma the plastids are of large size, 
vary greatly in shapes, and are irregularly distributed. Besides, 
the elements of chondroma are more coarsely granular — i. e., 
contain more living matter than is found in normal cartilage. 
The gold stain reveals the reticulum in the basis-substance, just 
as in normal cartilage. (See Fig. 187.) 

Cartilaginous new formation is found either throughout the 
whole tumor, or in combinations with myxomatous, fibrous, or 
bone-tissue; and sometimes, also, with myeloma, myoma, and 
cancer. The latter combinations represent Virchow’s group of 
teratoid tumors — i. e., undeveloped remnants of all varieties of 
tissues in one tumor. This condition is probably due to an un- 
developed organism, being inclosed in a fully developed one — 
foetus in foetu. Formations of this kind are met with mostly in 
the so-called dermoid cysts of the ovaries and the testes, although 
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they have been found in other organs. I am indebted to Dr. 
Clinton Wagner for a specimen of an almost perfectly developed 
auricle of an ear, attached to the soft palate. Cartilaginous 
tumors grown in glandular organs not infrequently exhibit 
partial mucoid degeneration and secondary formation of cysts — 
cysto-cJiondroma. Sometimes there is a calcareous deposition in 

the tissue of chondroma and 
a combination of cartilagin- 
ous with bony tissue — osteo- 
chondroma; or, as mention- 
ed before, a combination of 
chondroma with myeloma 
— chondro- myeloma. This 

was the condition of a tum- 
or the size of a child’s skull, 
grown in the testis, and 
from which Fig. 187 is 
taken. 

Among the soft tissues., 
chondroma is known to 
occur primarily in the par- 
otid and the submaxillary 
gland, in the female breast, 
in the periosteum of the 
phalanges, in the testes, and 
in the lungs. It canses only 
local disturbances ; occa- 
sionally, however, by sup- 
puration and ulcerative destruction it may become rather serious. 
In hones, chondroma originates either from the surface (perios- 
teum) or from the cancellous portion, the diploe of skull-bones 
and the central medullary space of shaft-bones. The most com- 
mon places for chondroma to appear are the phalanges and meta- 
carpal bones of the fingers, more rarely those of the toes ; next, 
the epiphyses of the shaft-bones, the carpal and tarsal bones, the 
ribs, the sternum, and very rarely the pelvis and skull-bones, the 
upper maxillary bone, and the socket of the eye. The simulta- 
neous growth of a number of cartilaginous tumors in several of 
the above enumerated localities has also been observed. What 
pathologists describe as central chondroma, arising from the 
medulla of the shaft-bones, in many instances probably was, 
judging from the clinical phenomena and the multiplication in 
the lungs, myxo- and chondro-myeloma, but not pure chondroma. 



Fig. 187. — Chondroma of Testicle. 

P, plastids, mostly nucleated and coarsely gran- 
ular ; B, finely granular, so-called “ liyaline” fiasis- 
substance. Magnified 600 diameters. 
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are usually lobular. They are either inclosed by a thin layer of 
compact bone-tissue or by a layer of hyaline cartilage. They are 
composed of indistinctly lamellated trabeculm of bone, contain, 
ing regularly developed bone-corpuscles, and inclosing medullary 
spaces, which vary greatly in size and are filled with medullary 
tissue and blood-vessels. (See Fig. 188.) 

Formations closely allied to cancellous osteoma are the pro- 
cessus supracondyloidei^ which Hyrtl first described as congenital 


4. Osteoma. Osseous Tumor. 

Osteoma is a solid tumor, composed of bone-tissue, and grow- 
ing without symptoms of inflammation, in contradistinction to 
the exostosis or the osteophytes, which are products of osteitis 
and periostitis. Corresponding to the two principal varieties of 
bone-tissue (see page 223), we have two kinds of osteoma : 

f a J Cancellous or Epiphyseal or Spongy Osteoma. This occurs 
on the epiphyseal ends of shaft-bones, closely connected with the 
cancellous portion ; it is found only un youth, and is never a 
primary formation after, the thirtieth year of life. Such tumors 
lie beneath the covering periosteum, -and at their free surfaces 


Fig. 188. — Cancellous or. Epiphyseal Osteoma, prom the 
Second Phalanx op the Thumb. 

T, traLeculffi of bone-tissue, indistinctly lamellated ; M, large and irregular medullary 
spaces, containing blood-vessels and medullary tissue. (The latter shriveled, owing to the 
circumstance that the specimen was brought for examination in a half-dry condition.) Mag- 
nified 100 diameters. 
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formations; they occur at the articular ends, mostly, of the 
humerus and the femur, analogous to the processus troclileares 
of some animals. To these may be added the bony formations 
at the points of insertion of the tendons, muscles, and aponeur- 
oses, which Virchow termed exostoses apophyticce. They are 
either directly connected with the bone, or take rise independ- 
ently of it (so-called tendon bones). These bony structures orig- 
inate, unconnected with inflammation, perhaps on account of an 
excess of lime-salts in the organism. Maslowsky has succeeded 
in producing calcareous deposition and ossification in the mus- 
cles of animals, in the vascular system of which, for a certain 
length of time, he had injected lactate of lime. Bony formations 
in the dura mater, the muscles, and the lungs are products of 
inflammation. 

fhj Compact or ehicrneal osteoma is a rare tumor; it occurs on 
the bones of the face, the skull, the scapula, the pelvis, and the 
phalanges; its favorite locality is the frontal bone. It has a 
smooth or slightly nodulated surface, and very rarely attains any 
considerable size. It is composed of a more or less regularly 
lamellated bone-tissue, imitating in its structure the outer per- 
ipheral layer of compact bone, and is scantily supplied with 
medullary spaces. These, on the surface of the tumor, are, as a 
rule, large, and contain several blood-vessels; while the main 
mass shows only irregular Haversian canals, which contain one 
capillary blood-vessel. Toward the point of attachment the com- 
pact bone formation usually blends with the cancellous structure. 
(See Fig. 189.) 

The cement-layer of the roots of teeth not infrequently 
develops into compact osteoma, which sometimes reaches a 
considerable bulk. Tumors of the dentine are entirely dif- 
ferent formations ; for their designation Virchow has pro- 
posed the term odontoma. These are composed of dentine, with 
irregularly arranged dentinal canaliculi, similar to formations 
of secondary dentine and the so-called pulp-stones. (See chapter 
on teeth.) 

Bone-tissue is often found combined with other varieties of 
tumors, such as fibroma, chondroma, myeloma, and it is asserted 
that it also unites with cancer and forms the malignant oste- 
oid’’ of Joh. Muller. The terms employed to designate tumors 
of these varieties are osteo-fibroma, osteo-chondroma, and osteo- 
myeloma. In all these instances the bone-tissue is unquestiona- 
bly a secondary formation. 
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Psammoma is the term applied hy Virchow to a class of tumors character- 
ized by the presence of peculiar corpuscles, which usually exhibit a distinct 
concentric striation, or appear as nodular or rod-like masses. Virchow main- 
tains that these tumors may be either homologous (benign) or heterologous 
(malignant) — i. e., represent transitions into sarcoma. Virchow proposes to 
call the corpnscles arenoid — that is, sand-like ; they are a normal feature in 
the anterior portion of the glandula pinealis, where they form the acervulus 
cerebri. Besides, they are met with in the cerebral and spinal dura mater, 
especially in the Pacchionian bodies, and in the arachnoid. They are amy- 
laceous corpuscles, infiltrated with lime-salts, although Virchow insists upon 
their being different from the corpora amylacea on account of the blue stain 
of the latter, shown when treated with iodine. Such corpuscles were found 
also in enlarged hyperplastic lymph-ganglia. The tumors containing them 
occur both in the brain-tissue and in its investing membranes, especially the 
dura mater, in the optic nerve and its investments, and in the retina. (See 
Fig. 190.) 









Fig. 189. — Compact ok Eburneal Osteoma, prom the Frontal 
Bone of a Man. 

A, lamellateii bone-tissue, pierced by medullary spaces, M, which toward the periphery of 
the tumor are large and contain several blood-vessels ; while in the more central portions of 
the tumor the medullary spaces are reduced to irregular Haversian canals. Magnified 100 
diameters. 

The term ^‘psammoma,” applied to a tumor, is obviously superfiuous, for 
the arenoid corpuscles do not determine the nature of the tumor, which may 
be a myxoma, a fibroma, an angioma, or a myeloma, consequently widely dif- 
fering in pathological features. The arenoid corpuscles are secondary and 
incidental formations in these tumors. The same holds good for pig- 
mented tumors, which occur in rare cases in the pia mater, and are termed 
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melanoma. The presence of pigment alone is not snf&cient to characterize 
the nature of the tumor. There is, however, no objection to calling a tumor 
which contains sand-like bodies an ‘‘arenoid fibroma, angioma,” etc., and a 
tumor which contains pigment granules a “ melanotic fibroma, myeloma,” 
etc. 


5. Myeloma or Sarcoma. 

The special character of this group of tumors was first 
determined by Virchow. He considers the structure to be con- 
nective tissue in an embryonal or medullary condition, without 
any epithelial elements, and thus sharply marked from cancer. 
All later researches have corroborated Virchow’s views. We 



Fig. 190. — Arenoid Myxoma (Psammoma, Virchow) op the 
Dura Mater. 

T, trabeculae of fibrous connective tissue, holding partly sessile, partly pediculated, arenoid 
corpuscles. A, or elongated calcareous formations, C. Magnified 60 diameters. 


define sarcomata as Virchow defined them — that is, connective- 
tissue tumors, in which very little or no basis-substance is 
developed. We object, however, to the word “ sarcoma,” as this 
means fleshy tumor.^ and would substitute for it the old term 
myeloma,” — viz., medullary tumor — as this accords better with 
the histological features. 

Virchow divided sarcomata into the following varieties: 
(a) net-ceil sarcoma ; (hj spindle-cell sarcoma ; fcj round-cell 
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sarcoma; (d) giant-cell sarcoma^ and (e) melanotic sarcoma. 
Billrotli added another variety, the alveolar sarcoma. In ana- 
lyzing the different varieties of myeloma, we are satisfied that 
there are but two principal forms, which I propose to term 
(aj glol)o-myeloma, corresponding to Virchow’s round-cell sar- 
coma ; and fh J spindle-myeloma corresponding to Virchow’s 
spindle-cell sarcoma. Both varieties are sometimes found in 
one tumor. 

(A) Gloho-myeloma is composed of medullary tissue, with 
globular elements. (See page 147.) These contain single or double 
nuclei, or they are divided into smaller plastids, evidently in the 
mode of growth and multipli- 
cation of the elements. Tum- 
ors of this kind, as a rule, are 
of a grayish-red or grayish- 
yellow color, containing a com- 
paratively small number of 
blood-vessels. Its sub-varieties 
are : 

(a) Glol)o-myeloma, composed 
of large plastids (large round- 
cell sarcoma). These are sepa- 
rated from each other, either by 
a narrow rim of cement-sub- 
stance or by a delicate fibrous 
reticulum ,• all elements, how- 
ever, are connected by means of 
delicate filaments. The nuclei 
are large, and contain several 
coarse granules — nucleoli. (See 
Fig. 191.) 

(l)J Globo-myeloma, composed 
of small plastids (small round- 
cell sarcoma), the structure 
closely resembling the so-called adenoid or lymph-tissue. A deli- 
cate fibrous reticulum holds varying numbers of plastids, which 
are mostly solid, having the appearance of lymph-corpuscles, 
some being surrounded by a finely granular bioplasson. This 
form represents the “lymphoma” or “ lympho-sarcoma ” of 
authors. (See Fig. 192.) 

(cj Glioma or glio-sarcoma. Virchow applies the term “ gb- 
oma” to tumors arising from the connective-tissue formations 



Fig. 191 . — Globo-myeloma, Com- 
posed OP Large Plastids. From 
THE Intermuscular Tissue op 
THE Forearm op a Woman. 

The globular, slightly flattened corpuscles 
are separated front each other by a scanty 
basis- or cement-substance. (7*, solid cord, 
indicating a new formation or a retrogression 
of a blood-vessel; C2, fully developed capil- 
lary blood-vessel. Magnified 600 diameters. 
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of the central nervous system and the retina, without reference 
to their intimate histological structure. Recently, efforts have 
been made to remove glioma from the group of myeloma. Clin- 
ical observation shows the extreme malignity of many of these 
tumors ; microscopic examination shows their close relationship 
to myeloma, and that a varying amount of fibrous connective 
tissue may enter into their construction. 

Glioma is composed of elements closely resembling those found 
in the cortex cerebri and cerebelli, and those of the granular 
layers of the retina. These elements exhibit comparatively large 
nuclei, around which is a scanty rim of granular bioplasson. 

In rapidly growing tumors the elements exhibit distinct 
proliferation, and in many instances flatten each other. Between 



Fig. 192 . — G-lobo-myeloma, Composed op Small Plastids. 
From the Testicle op an Adult. 


T, tran.sverse section of a seminiferous tubule, toward tlie epididymis ; S, myeloma of tlie 
type of lymph-tissue (adenoid tissue) ; T8, transition of the epithelia into myeloma tissue. 
(For high amplification of the same tumor, see Fig. 206.) Magnified 200 diameters. 

them we see a delicate layer of cement-substance, traversed by 
the connecting filaments. In the cement-substance homogeneous 
plastids occur, indicating either development of glioma- or spindle- 
shaped elements, which latter belong to the connective-tissue 
frame. (See Fig. 193.) 

(B) Spindle-myeloma is composed of medullary tissue with 
spindle-shaped elements. The difference between physiological 
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medullary and myelomatous tissue is that, as a rule, in the latter 
the bundles of the spindles are interlacing — i. e., course in differ- 
ent directions, like interlacing fibrous connective tissue. Some- 
times, however, the bundles take an almost parallel course, and 
can be separated into radiating groups of spindles, the fascicular 
spindle-myeloma (fascicular spindle-cell sarcoma of Virchow, fas- 
cicular cancer of older patho- 
logists). The sub-varieties of 
spindle-myeloma are : 

(aj Spindle-myeloma, com- 
posed of large plastids. These 
are separated from each other 
by a light rim of cement-sub- 
stance or a delicate fibrous re- 
ticulum, most distinct in trans- 
verse sections of the bundles. 

The nuclei of the spindles, as 
a rule, are seen as homogen- 
eous and shining lumps, often 
exhibiting marks of division 
and multiplication. Between 
the nucleated spindles there 
are fusiform fields, containing 
a finely granular or homogen- 
eous mass; this indicates an 
approach to basis-substance. 

(See Fig. 194.) 

(1) ) Spindle-myeloma, composed of small plastids, either interlac- 
ing or taking an exclusively parallel course. In many instances this 
tissue bears a close resemblance to non-medullated nerve-fibers. 
Evidently, tumors composed of such delicate spindles are often 
mistaken for true new formations of nerve-fibers, a neuroma. 
This variety of myeloma is not of infrequent occurrence in the 
choroid, and often contains clusters of pigment which previously 
belonged to the choroid or to the layer of pigmented endothelium 
of the retina. Such pigment clusters, however, unless present in 
a large number, wiU not iustify a diagnosis of a melanotic mye- 
loma. (See Fig. 195.) 

(c) Spindle-net myeloma (net-cell sarcoma of Virchow). In 
this variety spindles of varying sizes branch at acute angles, unite 
and form a reticulum. The meshes of the reticulum are elongated, 
and hold a slight amount of basis-substance and globular or 



Fig. 193. — Glioma prom the Orbit. 
Eecurrext Tumor after the 
Enucleation op the Eyeball for 
Glioma op the Eetina. 

M, glioma element with several nuclei ; MS, 
group of glioma elements, sprung from divi- 
sion ; &C, fully developed glioma element ; OF, 
spindle-'sliaped fibers between the groups of 
glioma elements ; E, capillary blood-vessel. 
Magnified 600 diameters. 
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oblong plastidSj which are apparently isolated. The more nearly 
the reticulum approaches to a cireular arrangement, and the 
smaller its composing spindles, the more closely allied is this 
variety to that of myxo-myeloma. Finally, all distinguishing 

marks are lost, and spindle-net my- 
eloma and myxo-myeloma blend 
with each other, (See Fig. 196.) 

The ‘■‘‘giant-cell sarcoma’’'’ of 
Virchow cannot be considered as 
a tumor sui generis, for the so- 
called “ giant-cells ” never consti- 
tute the entire mass of the tumor. 
They are intermixed with fibrous 
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Fig. 194. — Spindle-myeloma, Com- 
posed OP Large Plastids. From 
THE Omentum op a Woman. 

X, nucleated spindles cut longitudinally ; 

0, spindles cut oWiquely ; F, spindles cut 
transversely. Magnified 600 diameters. 

connective tissue, as well as 
with fibro-myeloma, and are 
more numerous and better de- 
veloped the greater the amount 
of basis-substance contained in 
the surrounding tissue. As, in 
our view, the multinuclear plas- 
tids arise from a fusion of me- 
dullary elements, whenever 
there is a tendency to form ter- 
ritories, usually of cartilage 
and bone, it will be understood 
from this fact that the malignity 
of these tumors is very slight. 

Their favorite site of growth is the periosteum, especially the 
periosteum of the jaw-bones (so-called “ epulis ”), and a perma- 
nent cure will ensue if the tumor is thoroughly extirpated. I 
have examined several globo- and spindle-myelomata which had 
grown from the maxillary bones, where very little basis-substance 



Fig. 195. — Spindle - myeloma, 
Composed op Small Plastids. 
From the Choroid op an 
Adult. 

X, nucleated spindles cut longitudin- 
ally ; O, spindles cut ofiliquely ; P, pig- 
ment clusters from tlie former pigmented 
endotfielium of the retina. Magnified 
600 diameters. 
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could be found ; therefore, they were decidedly malignant. In 
tumors of this sort the multinuclear plastids were always scanty 
and imperfectly developed — i. e., composed only of clusters of 
medullary corpuscles. The comparatively benign type of “ epulis/^ 
however, is more eommon than the malignant. (See Fig. 197.) 

Any myeloma^ including the alveolar myeloma, may the seat 
of a more or less abundant formation of pigment, and is then termed 
melanotic myeloma. The pigment, therefore, is merely an inci- 
dental feature of myeloma, but it is known to increase greatly 
the malignancy of the tumor. The origin of the pigment was 



Fig. 196. — Spindle-net Myeloma, prom the Subcutaneous 
Tissue op the Leg op a Man. 

S, niicleated spindles branching and uniting ; the meshes contain a iinely granular myxom- 
atous basis-substance, and G, apparently isolated globular or oblong plastids. Magnified 
600 diameters. 

formerly attributed to extravasated blood. I have ascertained 
that in such tumors a very profuse new formation of living 
matter takes place, which causes the production of numerous 
haematoblasts, — i. e., solid lumps of living matter, — which in their 
earlier stages of formation, for reasons nnknown, are supplied 
with the coloring matter of the blood. (See page 98.) From 
32 
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these heematoblasts, before their development into red blood- 
corpnscles, arise the pigment clusters. The process can be best 
studied at the border of melanotic myeloma of the choroid in the 
region of the vitreous body. Here the haematoblasts originate in 
the middle of the vitreous body, being characterized by a globular 
shape, luster, distinct yellow color, and their small size, as com- 
pared with fully developed red blood-corpuscles, for which they 

often are taken. How far the 
hgematoblasts participate in 
the new formation of the my- 
® eloma elements I was unable 
to ascertain ; but unquestion- 
ably they are the source of 
pigment in melanotic myelo- 
ma. (See Fig. 198.) 

Combinations of Myeloma. 
Myeloma may combine with 
any variety of connective tis- 
sue- and epithelial tumors, 
which means that a portion 
of the tumor possesses fully 
developed basis -substance, 
while another portion has 
but little or lacks it entirely. 
A tumor with originally well- 
developed basis - siibstance 

may gradually change its 
character, and in the por- 
tions of later growth be with- 
out basis-substance. With this 
failure in the production of 
basis-substance a more rapid growth of the tumor ensues, and it 
assumes a more malignant type. As before mentioned, such 
tumors are clinically considered “ dubious ” in their nature, 
although some of them are either of a marked malignant char- 
acter, or become so in a relatively short time. According to our 
nomenclature, the various combinations of these tumors are 
termed as follows : 

(a) Fibro-my eloma, the ^^fibroplastic” tumor, or “recurrent 
fibroma ” of older pathologists. It consists of bundles of fibrous 
connective tissue, between which are large numbers of usually 
globular elements ; or the tumor originates from fibrous tissue, — 



Fig. 197.— Fibro-myeloma, withMul- 
TINUCLEAR PlASTIDS. FrOM THE 

Lower Jaw of a Young Man. 

M, group of medullary corpuscles approacli- 
ing tlie stage of indifference ; G, multinuclear 
plastid, so-called giant-cell. Magnified 600 
diameters. 
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f. i., the derma of the skin^ — and by degrees entirely replaces it. 
The fibrons structure of such tumors is sometimes very faintly 
marked ; but their comparatively slight degree of malignity 
is recognized by the presence of a finely granular basis-sub- 
stance between the homogeneous plastids, which, of the size of 
nuclei, are scattered at regular intervals. Sometimes these 
tumors are lobate or nodular, and covered with a richly pig- 
mented rete mucosum (mole, naevus). With advancing age or 



Fig. 198. — Melanotic Gtlobo- and Spindle-myeloma of the Choroid. 

L, group of globular pigmented plastids ; F, delicate fibrous connective tissue at the 
periphery of the tumor ; JT, l'®matoblasts ; P, pigment cluster ; F, vitreous body. Magnified 
600 diameters. 

improper treatment they readily assume the character, of malig- 
nant myeloma. (See Fig. 199.) 

fh ) Myxo-myeloma is constructed on the plan of myxomatous 
tissue — i. e., a delicate fibrous reticulum contains in its meshes 
plastids in different stages of development j but they are [far 
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C, capillary blood-vessel in trans- 
verseseotion ; A, arteryin transverse 
section. Magnified 600 diameters. 

exhibit the size and shape 
of cartilage corpuscles. 
Many of the so-called “ ma- 
lignant chondromata” prob- 
ably are chondro-myeloma, 
and I know this mistake to 
have been made by good 
pathologists. The term 
“ chondro - myeloma ’’ may 
also be applied to tumors 
which, in a tissue showing all the features of globo-myeloma, 
contain islands of well-developed cartilaginous tissue. 

fdj Osteo-myeloma is a term used for the designation of 
myelomatous tumors growing in the middle of the bone, or of 


Fig. 200. — Myxo-myeloma. Recukeent 
Pharyngeal Polypus. 

B, portion of myxomatous structure ; P, portion 
of myelomatous structure ; V, large capillary blood- 
vessel. Magnified 600 diameters. 


more numerous than in simple myxomatous tissue. Myxoma- 
tous tumors, especially the so-called polypoid tumors, often 
exhibit some of the features of this type, indicating a rapid 
growth of the tumor and its liability to recur after extirpation. 
If the reticulum is very delicate, and 
the inclosed plastids very small, not 
exceeding in size the lymph-corpus- 
cles, the type of a lympho-myeloma 
(small globo-myeloma) is established, 
which growth is of intense malignity. 

Myxo-myeloma, therefore, blends with 
the spindle-net myeloma, as well as 
with the lympho-myeloma. (See Fig. 

200 .) 

(cj Chondro-myeloma from 

chondroma in the softness of its basis- 
substance, while the plastids may 


Fig. 199. — Globo-myeloma, 
WITH A Marked Formation 
OP Basis-substance. From 
THE Abdominal Wall of 
AN Adult. 
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tumors in whicli within myeloma-tissue new formation of bone 
has taken place. The error resulting from such a nomenclature 
is not great, as in many instances it is impossible to decide 
whether the bone-tissue in the tumor is a remnant of the former 
physiological bone, or whether it is newly formed. A great 
irregularity in the size and the arrangement of the bone-cor- 
puscles will favor the view of the bone being newly formed, 



Fig. 201. — Osteo-myxo-Myeloma, from the Hip-bone 
OP A Girl. 

T, trabeculsB of newly formed bone, with large and irregular bone-corpuscles ; M, myx- 
omatous tissue, changing to myeloma ; C, plastids, inflltrated with lime-salts. Magnified 400 
diameters. 

and this view is strengthened if we are able to trace the new for- 
mation of bone through aU its stages, from the first infiltration 
of plastids with lime-salts up to the appearance of trabeculae. 
Besides, it is granted that the myeloma tissue (myxo- or fibro- 
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myeloma) is not of a very malignant type where bone-tissne is 
formed, though it is possible for the tumor to change to a more 
malignant form. Myeloma, with numerous globular or spindle- 
shaped elements, is, as a rule, deficient in new formation of bone. 
The tumor the size of a child’s head, from which Fig. 201 is taken, 
for a number of years grew slowly, though steadily, while later 
it increased rapidly to a fatal termination. 

The combinations of myeloma tissue with other varieties of 
tissue (lipoma, angioma, myoma, neuroma, and adenoma) will 
be considered in the articles treating of these tumors. Here I 
only mention that, according to Virchow, there also exists a 
combination of cancer with myeloma — a view which I, from a 
large number of observations, can corroborate. 

Alveolar myeloma (Billroth) is of a dubious nature. Most 
pathologists regard it as cancer, but it seems more correct to 
class it among the myelomata; for it shows all the clinical and 
pathological features of such tumors — nay, it appears occasionally 
as a secondary tumor after primary myeloma. A delicate frame 
of connective tissue forms the alveoli, which are filled with glob- 
ular, oblong, or irregular and usually nucleated plastids, very 
loosely connected with one another — so loosely, that in sections 
the alveoli appear incompletely filled. The plastids never reach 
the size and the polyhedral shape of epithelia, so characteristic of 
cancer; those nearest to the connective-tissue frame are pear- 
shaped, being attached to the frame by a slender pedicle. I have 
seen this variety of tumor in the groin, in the testis, the omentum, 
and the liver ; in both the last-named positions the tumors were 
secondary, and that of the liver was of a pronounced melanotic 
type. Perhaps this tumor represents a transition of myeloma 
into cancer, a transition which in the opposite way — cancer to 
myeloma — is of more common occurrence. (See Fig. 202.) 

Myeloma is a malignant tumor, and any portion of the con- 
nective tissue of the body may serve as its starting-point. In 
fact, this tumor has been observed in aU parts and all organs of 
the body, except in horny tissue. Contrary to cancer, it is often 
a growth of childhood and youth, and may occur at any age. Its 
malignity is intensified when the constituent elements are small, 
the blood-vessels abundant, and the basis-substance scanty. The 
presence of pigment, both in the fibrous and medullary portions 
of the tumor, greatly increases its malignant character. Not 
infrequently local irritation, particularly injuries of all kinds, 
can be traced as the exciting cause of myeloma. 
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The clinical diagnosis, in many instances, is possible when 
there is a rapid growth and local multiplication ; often, however, 
the tumor has all the appearances of a benign growth, while 
microscopic examination reveals its malignant nature. An error 
in diagnosis may occur owing to the circumstance that myeloma, 
upon approaching the surface, as a rule does not cause ulcera- 
tion of the skin, neither are the neighboring lymphatics enlarged 
or painful. Sometimes myeloma appears in great numbers, almost 
simultaneously in different parts of the body, and tumors, which 
already have reached a certain size, may gradually disappear and 
return again. Local recurrence after extirpation is a common 



Fig. 202. — Alveolar Myeloma, from the Mesentery 
OP A Young Man. 

F, frame composed of a delicate fibrous connective tissue, carrying blood-vessels, inclos- 
ing alveoli ; tlie latter contain C, tlie spindle-, pear-, or irregularly shaped plastids. Mag- 
nified 600 diameters. 

feature ; and so is multiplication, especially in the lungs, which 
are sometimes found crowded with whitish, slightly vascularized, 
tumors, the size of a poppy -seed, a hazel-nut, or a walnut. 
The same may be found in the pleura and the peritoneum. Mel- 
anotic myeloma selects the subcutaneous tissue, mostly of the 
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hands and the feet, as a point of departure, from which it gradu- 
ally invades large portions of the surface of the body, in some 
cases so rapidly that inflammatory symptoms are observed with 
the formation of every new nodule. In such cases, the secondary 
tumors in internal organs are either white or pigmented. The 
patients die showing the symptoms of exhaustion (cachexia, 
marasmus) or of septicsemia, in consequence of extensive gan- 
grene of the tumors. Mucous or colloid degeneration may also 
occur, and this change renders the tumor much less malignant. 

In the growth of myeloma, muscle- and nerve-tissue are trans- 
formed into medullary tissue. If the tumor has originated in a 
glandular organ, the epitheha are also converted into medullary 
plastids, and glands are either completely destroyed or partly 
enlarged, and even newly formed. In the latter cases, peculiar 
Cauhflower-like vegetations are produced within the gland, owing 
to the encroachment of the myeloma tissue. Under these condi- 
tions, cysts are very common occurrences — f. i., in eysto-mye- 
loma of the female breast or the ovary. 


The Changes op Epithelia Pkoduced by Growth op Myeloma. 

By Eudolph Tauszky, op New York.* 

It is known that myelomatous growths, which have originated either in 
the cutaneous or subcutaneous tissue, and also those which appear in tissues 
more deeply situated, as they approach the surface, sometimes produce ulcer- 
ative processes in the integument. This always becomes attenuated before 
the ulcerative process, often accompanied with inflammatory symptoms, 
begins. After a certain time a loss of substance is observed at the most 
prominent point of the tumor, which gradually enlarges ; and at its base the 
tumor is seen as a reddish, slightly nodular, or even smooth mass. The ulcer 
produces, as a rule, a relatively small quantity of pus. Clinically, this is a 
valuable diagnostic symptom of myeloma. Cancer invariably gives rise to an 
ulcerative process in the skin, and the ulcers thus produced present uneven, 
nodular, and irregularly granulating surfaces, yielding pus or ichor. 

The question now arises: What histological changes take place in the 
wasting process of the epidermis ? Of course, with the customary expression 
of ‘‘fading or dying” of the epithelium only a clinical fact is recognized, and 
the cause must be sought for in anatomical changes. At the same time, the 
question may be answered : What changes does the epithelium of glandular 
organs undergo when myeloma appears in them ? 

The literature of the morbid growths under consideration gives no satisfac- 
tory explanation of the question. I therefore examined a number of myelo- 

* Abstract from Dr, Rad, Tauszky’s essay: “Ueber die duroh Sarcomwaclierimg be- 
dingten Veranderungen des Epitbels.” Sitzunsber. d. Kais. Akademie d. Wisseusch. in Wien. 
Ed. Ixxiii. The term “ sarcoma ” is changed into “ myeloma,” and that of “ protoijlasm ” into 
“bioplasson.” 
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mata of the skin and glandular organs, witli special reference to the behavior 
of the epithelium. My specimens were : ( 1 ) A myeloma about the size of a 
child’s fist, which was extirpated from the abdominal wall of a man fifty-five 
years of age ; (2) myeloma growths of the size of walnuts, which appeared in the 
right groin of a man sixty-nine years of age, and which, after repeated extirpa- 
tions, were followed by numerous secondary myeloma nodules in the lungs ; 
(3) a myeloma of the testis of a man, aged forty-eight years, nearly the size 
of a child’s head ; (4) a myeloma of the snbmaxillary gland, of a man aged 



Fig. 203. — Fibro-myeloma prom the Abdominal Wall op 
AN Adult. 

F, papillse, cut transversely; F, derma of skin, witli commencing transformation into- 
myeloma ; ,B, Blood-vessel ; R, rete mucosum. Magnified 200 diameters. 


seventy-two years, as large as a chicken’s egg; (5) myeloma nodules from 
the liver of a man, aged fifty-nine, which occurred as a secondary growth 
after extirpation of a tumor of the . eyeball, simultaneously with nodules in 
the omentum, the mesentery, and the walls of the small intestines. Among 
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these were represented the varieties called ‘ ' round-cell sarcoma ” ; spindle-” 
combined with ‘'round-cell sarcoma” and “alveolar sarcoma.” 

The changes in the epithelium, which are induced hy the growth of mye- 
lomatous tumors, may he divided into two groups. The first embraces the 
purely infiammatory process; the second includes changes that lead to the 
production of myeloma elements from epithelium. No distinct boundary can 
be drawn between these two groups ; for the changes observed in infiamma- 
tion are like those accompanying the growth of tumors, inasmuch as in both 
instances new formation of living matter and production of new elements 
results. 

Inflammatory changes. Specimens of the tumor (1) taken from the integu- 
ment near the ulceration show, with low power, that the epidermal layer was 
thinned in several places. (See Fig. 203.) We could see that the pigmented 
layer which constitutes the border nearest the connective tissue is in a con- 



Fig. 204. — Fibro-myeloma from The Abdominal Wall 
OP AN Adult. 

D, bundles of connective tissue of derma in transformation to bioplasson; V, blood- 
vessel ; Pi, transformation of pigmented epithelia into non-pigmented plastids ; epitlielia 
breaking down into pigmented lumi)s. Magnified 800 diameters. 

dition of moderate “ cell-infiltration ” — that is, inflammation. The pigmented 
epithelium is arranged irregularly, and is deficient in many places. Higher 
amplification proves that the epithelium along the connective tissue is broken 
up into elements, which do not differ from those which originate in connect- 
ive tissue ; only the pigment is a reminder of their origin, but the pigment in 
this situation also gradually decreases as the inflammatory changes proceed 
toward the epithelium. We meet with dispersed pigment granules, or groups of 
such granules, apparently remnants of former epithelium, though the larger 
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mass of pigment has disappeared, perhaps by interference with the nutrition of 
the grannies themselves, which have not yet been entirely deprived of vitality. 
Thus the epithelium containing pigment is changed directly into indifferent 
bioplasson bodies, from which, in turn, new elements arise. A real new 
formation has as yet not taken place, but out of specific elements indifferent 
ones have been produced by the formation of new separating lines of cement- 
substance. (See Fig. 204.) 

Of particular interest is the condition of the hair-follicles and sweat-glands 
which are imbedded in the tumor. Many hair-follicles, still holding hairs, 
presented no material change ; in others, the hair was wanting and the con- 
nective tissue of the follicle was transformed, in part at least, into the tissue 
of the tumor. The elements of the outer root-sheath were divided into 



Fig. 205.— Surface op a Myeloma in the Eight G-roin 
OP AN Adult. 

M, partial wasting of cement-sulistauce ; P, thickened spokes (prickles) ; /Si, spindle- 
sliaped plastids replacing the eeiuent-substanoe ; 8^, transition of the spindles into the frame 
of the myeloma tissue. Magnified 600 diameters. 

glistening, brownish-yellow lumps, whose groupings indicated their origin 
from epithelia. All these bodies were interconnected by fine filaments. The 
duets of the sweat-glands remained unaffected in most instances; but the 
glands presented a conglomeration of bright-yellowish bodies, which by their 
clustered arrangement indicated their origin from glandular epithelia. In many 
tubules seen in transverse sections the central caliber was absent, and in some 
places the bounding (structureless) layer of connective tissue was also gone, 
and the tissue of the tumor came in direct contact with the changed epithelia. 
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The skin covering the tnmor (2) gave no evidence of ulceration, but was 
merely stretched, attenuated, and reddened. In vertical sections peculiar 
changes were noticed in the epidermal layer, which was reduced to a few layers 
of epithelia of the rete mucosnm. Near the surface several epithelia were 
found coalesced, owing to the entire disappearance of the separating cement- 
substance. The “prickles” traversing the lines of cement-substance were 
well marked, even enlarged into oblong or square granules. In other places, 
instead of these granules, spindle-shaped or oblong bodies were seen, repre- 



Fig. 206. — Globo-myeloma, Composed oe Small Plastids. Trans- 
verse Section of a Seminiferous Tubule. 

E, uncliaiiged columnar epithelia ; E8, commencing transformation of epithelia into 
mj’-eloma elements ; 8, comi)leted transformation of epithelia into myeloma elements ; X, 
caliber of the seminiferous tubule. (For low amplification of the same tumor see Fig. 192.) 
Magnified 800 diameters. 


senting what Biesiadecbi termed “migrating cells.” Careful observation, 
however, revealed that all of these bodies were connected with the neighbor- 
ing epithelial elements by means of delicate filaments. Such formations were 
particularly numerous along the border separating the epithelia from the 
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myeloma-tissue, and many of the spindle-shaped bodies merged into the fibers 
separating the groups of myeloma elements. Here, therefore, a new forma- 
tion had arisen mainly from the “prickles,” while a direct transformation of 
epithelia into myeloma elements could not be demonstrated. (See Fig. 205.) 

Transformation of epithelium into myeloma elements. The tumor of the 
testis (3) clearly exhibited the changes of the epithelia of the seminiferous 
tubules caused by the growth of the myeloma. Even low powers of the 
microscope demonstrated that the myeloma tissue had in numerous places 
pushed apart the seminiferous tubules, which in other places were entirely lost. 
In a number of specimens, not only the boundary layer of the tubules — to- 
ward the epididymis — was found to have disappeared, but the glandular epithe- 
lium itself presented, in part at least, features identical to those of the tumor. 
(See Fig. 193.) Higher amplifications explained satisfactorily this peculiar 
condition. The epithelium, in a transverse section of the tubule, appeared 
in part to be well preserved, while in another portion of the same tubule 
some of the epithelia exhibited coarse gi'anules and solid lumps the size of 
nuclei. A striking feature was that in one epithelium an unchanged portion 
was found, and another portion was in the condition above described. Finally, 
there were portions in which the epithelium was replaced by myeloma tissue, 
in which its gradual stages could be traced. The increase of the living 
matter first gave rise to the formation of coarse granules and new nuclei ; 
next, new boundary lines originated within the epithelia, dividing them into 
elements which bore no resemblance to the epithelia. Finally, the newly 
formed elements were partly infiltrated with basis-substance, the perinuclear 
form of which is characteristic of embryonal and lymph-tissue, as well as of 
certain so-called ‘‘ small-cellular” varieties of myeloma. (See Fig. 206.) 

The result of these changes is a real and complete transformation of the epithe- 
lia into myeloma tissue. Here and there I met in this tissue groups composed of 
6-12 epithelia, which in all evidence were remnants of former glands or duets, 
but not a glandular new formation. In all specimens of this tumor the 
spindle-shaped bodies which sprung from the cement-substance were in dis- 
tinct connection with the reticulum of the myeloma tissue ; and all forma- 
tions of living matter (grEHiules, nucleoli, nuclei, spindles, and trabeculae) 
were interconnected by delicate filaments. Even in the perinuclear, mucoid 
basis-substance, in some places the bioplasson reticulum could be seen without 
the aid of re-agents. 

In the case (5)1 obtained a distinct view of the changes of the liver-egithelia 
in growth of myeloma. Low powers of the microscope proved that the newly 
formed myeloma nodules were separated from the surrounding liver-tissue by 
a tolerably thick capsule of connective tissue. Inside the capsule was a mye- 
loma of alveolar structure ; outside of it tracts of liver-epithelia were com- 
pressed, spindle-shaped, and running in a direction parallel to the surface of 
the capsule. In some places the boundary line between myeloma and liver- 
tissue was not sharply marked, but merely indicated by delicate bundles of 
connective tissue. Probably, these were the myeloma nodules of later 
periods. (See Fig. 207.) Here, in some places, the tracts of the liver- 
epithelia were well preserved, while in other parts the epithelium was broken 
up into globular or irregularly shaped bodies, which could only have origi- 
nated from the living matter in the epithelium. These bodies presented all 
the stages of transformation into myeloma tissue ; for, upon approaching the 
myeloma nodule, they were seen in groups, which, by virtue of their shape. 
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must be pronounced myelomatous alveolar formations, separated from each 
other by scanty connective tissue. Here, also, the endogenous production of 
living matter in liver-epithelia had led to the formation of myeloma tissue. 
The brownish color of the liver epithelium gradually faded into the grayish- 
yellow of the myeloma nodules. In like manner, the gradual transformation 
was indicated by the degree of carmine-staining, which had no effect upon 
unchanged liver epithelium, but became more intense with the deviation of 
the newly formed tissue from normal type of epithelium. 

I can add that the myeloma of the submaxillary gland (4) presented, in 
some portions, analogous appearances. In this tumor, too, the 4;ransforma- 
tion of the epithelium of the acini of the salivary gland could be traced, step 
by step. 

My researches, in brief, gave the following results : 

The myeloma growth, in its jprogress totvard the epidermis, produces a change 
in the living portion of the epithelium similar to that which is observed in the 
superficial inflammatory processes of the shin. The cement-suhstance is dissolved ; 
multinuclear bioplasson bodies arise, and in them new lines of division originate, 
producing indifferent elements, resembling those which spring from connective tissue. 
New elements are also produced by a new formation of living matter, both within 
the epithelia and in their cement-substance investment ; in the latter situation, of 
course, from the filaments or “ 2 ’>richles” of living matter. Such a new formation 



Fia. 207. — Secondary Myeloma op the Liver. 


C, connective tissue wliicli separates the myeloma nodnle from the liver-tissire ; TS, little 
changed liver-epithelia within the myeloma nodule ; 8, new lormation of myeloma elements 
from liver-epithelia ; F, remnants of portal vessels. Magnified 600 diameters. 

occurs in the epithelia of the external root-sheath and of the sweat-glands. The 
attenuation of the epidermis is evidently caused by a gradual transformation of the 
epithelia of the rete mucosum into myeloma tissue. In myelomata of glandular 
organs, — salivary glands, testes, liver , — the new formation of bioplasson starts in 
the epithelia with the ap>pearance of new marks of division, and newly formed mye- 
loma elements. The living matter of ejyithelium is directly converted into myeloma 
tissue, with a partial or complete destruction of the epithelia. 
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6. Lipoma. Fatty Tumor. 

Lipoma is composed of fat-tissue, exhibiting a lobular struct- 
ure and traversed by septa of connective tissue, which carries 
the blood-vessels. In the so-called soft.) fatty tumors the con- 
nective tissue is scanty and the fat of a more oily nature, Avhile 
in tumors termed fibrous lipoma (formerly called steatoma) the 
frame attains considerable development and the fat is more solid. 
The fat-globules resemble those of normal fat-tissue, and like 
these sometimes contain needle-shaped crystals of “margaric 
acid.” (See Fig. 208.) 

Lipoma appears as a tumor sui generis in the subcutaneous, 
submucous, and subserous tissues, rarely in glandular organs. 



Fig. 208. — Lipoma, prom the Shoulder op a Man. 

V, capillary blood-vessel in the frame of connective tissue ; F, fat-globules, pierced by 
vacuoles, the latter being caused by preservation in chromic acid. Magnified 400 diameters. 

In the subcutaneous tissue it occurs usually on the posterior 
aspect of the body, and produces single globular, highly elastic 
tumors, the surface of which appears to be lobulated to the touch, 
and which, in different localities, have different degrees of con- 
sistency. The tumor is usually quite movable, and sometimes 
is very loosely attached to the body, pendent like a bag. The 
covering integument is either unchanged or it is thickened and 
pigmented, but may, as a rule, be raised in folds j it becomes 
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attached to the tumor only after injuries from without — f. i., 
friction of the clothing or long-continued pressure. Under these 
circumstances ulceration even may be produced, which is char- 
acterized by the offensive odor of discharge. 

In the subcutaneous tissue both solitary and multiple fatty 
tumors occur ; they may be circumscribed or diffused. Pedun- 
culated and diffused fatty tumors are exceptional 5 the latter are 
of a softer consistency, and are attached to the skin by means of 
dense, fibrous connective tissue. 

Lipoma is painful only when nerve branches are involved in 
the growth, and disturbance of functions is caused only by its 
size and weight. The growth is slow but almost indefinite, as 
there have been observed fatty tumors of twenty to thirty 
pounds. The larger the tumor the more marked is its lobular 
structure. Not infrequently calcareous deposition is found in 
the connective-tissue frame, and occasionally, though rarely, 
ossification. 

Lipoma occurs combined with : 

Hypertrophy of a finger, a toe, or the entire hand or foot ; 

Myxoma, fibroma, and myxo-fibroma, producing tumors of 
the skin, termed “ nsevus lipomatodes ” ; 

Cavernous angioma (Billroth), when especially the veins are 
ectatic in a high degree ; 

Myeloma, usually myxo-myeloma of the subcutaneous tissue. 

Peculiar branching growths of serous membranes, especially 
of the knee-joint, which consist of delicate papillary vegetations 
of connective tissue, whose meshes contain fat-tissue, are con- 
sidered as formations of lipoma (1. arborescens). Localized, 
diffuse new formation of fat occurs in the female breast, which, 
on one or on both sides, may reach an enormous size and weight. 


7. Angioma. Vasculae oe Eeectile Tumoe. 

The characteristic feature of angioma is an abundant supply 
of blood-vessels — arterial, venous, or capillary. This causes its 
. erectility — i. e., its swelling on a spontaneous engorgement of 
the vessels. Such tumors yield readily to pressure, but as soon 
as the pressure is removed they refill. In former times many of 
these tumors were termed “ teleangiectasis,” as they were thought 
to be due to a mere dilatation of the vessels 5 now we are ac- 
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quainted with, the fact that the blood-vessels are really new 
formations. We can distinguish three varieties of angioma, 
according to the nature and distribution of the blood-vessels — 
simple, lobular, and cavernous angioma. 

(aj Simple angioma is, to a great extent, composed of newly 
formed capillary blood-vessels, between which, in more or less 
uniform distribution, is a varying amount of fibrous or homo- 
geneous connective tissue. The 
coat of the blood-vessels is com- 
posed of very large nucleated, 
sometimes stratified, endothe- 
lia 5 numerous tracts are solid, 
and composed entirely of en--Z'-^ 
dotheha (endothelioma). Both 
in the endotheha and the con- 
nective-tissue frame there are 
indications of a new forma- 
tion of red blood-corpuscles, 
through the intermediate 
stage of haematoblasts. (See 
Fig. 209.) 

(h) Lobular angioma is 
composed of coils of large 
capdlary blood-vessels, held 
together by delicate fibrous 
tissue, while between the coils 
this tissue is somewhat denser. 

The lobate structure is some- 
times marked to the naked 
eye. In sections, the blood- 
vessels are cut in longitudinal, 
oblique, and transverse directions, and are found either empty ' 
or filled with blood. The capillaries are connected with large 
arteries or large veins, and the blood in the angioma may be 
clinically recognized as being of either venous or arterial char- 
acter. (See Fig. 210.) 

fcj Cavernous angioma is constructed on the plan of cavern- 
ous tissue — i. e., composed of venous sinuses, which lie close 
to each other, separated only by walls of fibrous tissue, in 
which are capillary blood-vessels, and sometimes bundles of 
smooth muscle-fibers. The cavernous sinuses are filled with 
blood-corpuscles, and the blood has in its clinical aspect a venous 
33 



Fig. 209. — Simple Angioma, from 
THE Skin op the Forehead of a 
Child. 

Z, longitudinal section of a capillary; S, 
solid cord of endotlielia ; F, frame of a nearly 
liomogeueous connective tissue. Magnified 
600 diameters. 
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character — i. e., is dark purple or bluish-red. The sinuses are 
lined with a delicate layer of endothelia. (See Fig. 211.) 

Angioma is a common type of tumors, and in most instances 
is congenital. The simple and lobular angioma is located either 
in the tissue of the derma of the skin or in the subcutaneous 
tissue, and is in the latter situation abundantly supplied with 
fat-globules. These tumors may occupy large districts in the 
face (the so-called “ fire-mole,” naevus vasculosus), or they may 
appear in a number of smaller spots or elevations in different 
parts of the skin. They may either remain stationary or grad- 
ually increase in extent. Spontaneous cure is not an infrequent 



Fig. 210. — Lobular Angioma, from the Orbit of a Child. 


LL, lobules composed of coils of large capillary blood-Yessels ; I, interstitial dense fibrons 
connective tissue. Magnified 360 diameters. 


occurrence. The lobular angioma is, as a rule, more deeply 
situated than simple angioma 5 the tumor is to the naked eye 
marked by shallow, irregular nodulations of the surface. Upon 
invading the derma, the thinned skin covering it becomes im- 
movable, and sometimes spontaneous ulceration takes place, 
though the haemorrhage is rarely profuse. Cavernous angioma 
is somewhat rarer, and appears either as a sharply circum- 
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scribed, as if encysted, or as a diffuse tumor in the subcutaneous 
tissue, in muscles beneath the covering fasciee, in the liver, the 
spleen, and the kidneys. It grows very slowly, and is often 
painful. The pain may .be continuous or be due to pressime 
from without, and by rupture it may produce a dangerous 
hsemorrhage. Cavernous angioma reaches its highest develop- 
ment on the extremities, on single fingers, or as numerous scat- 
tered nodules, combined with considerable hyperplasia of the 
derma. Occasionally, though rarely, angioma involves mucous 
membranes. KSeveral cases of angioma in the larynx have been 
reported. In rare eases, all the soft tissues of an extremity are 
transformed into the cavernous structure, with a gradual wasting 


Fig. 211. — Cavernous Angioma, from the Basis of a Polypus G-rowX 
AT THE Border of the Posterior Nares of a Child. 

T, traljeoulsB of fibrous counectlve tissue, lioUiing capillary blood-vessels ; E, eudothellal 
lining of the cavernous spaces ; B, red blood-cori)uscles. Magnified 700 diameters. 

of the bone. Primary tumors of this kind, grown from the peri- 
osteum, and which gradually transform the bone into their own 
tissue, the so-called “ pulsating bone-tumors,” are rare. Angioma 
combines with myxoma, fibroma, lipoma, and adenoma. 

Angioma may he composed of lymph-vessels, and is then termed 
lymph-angioma. There are two varieties : the simple lymph-angi- 
oma, composed of dense fibrous connective tissue, containing a 
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varying number of lymph-vessels (Hebra), and the cavernous lymph- 
angioma, composed of a large number of sinnons lymph-vessels 
and a comparatively scanty amount of connective tissue. Simple 
lymph-angioma is not of rare occurrence in the tissue of the skin, 
and usually appears in the form of numerous hard, compressible 
tumors the size of a lentil or of a hazel-nut. Cavernous lymph- 
angioma is rare, and, as a rule, deeply situated in the subcu- 
taneous or subfacial tissue, producing sometimes very large 
tumors. Ulceration of these tumors occasionally takes place, 
with a continuous oozing of lymph. (See Fig. 212.) In macro- 



Fig. 212 . — Cavernous Lymph-angioma, prom the Lateral 
Region op the Neck op an Adult. 

C, frame of connective tissue, of a homogeneous, waxy appearance and a high refractive 
power ; F, irregular reticulum of coagulated flhrine ; X, lymph-corpuscle. Magnified 500 
diameters. 


glossa , — the congenital enlargement of the tongue, of mainly its 
anterior portions, — the mass consists of a fibrous connective tissue 
with numerous sinuous lymph-vessels, and is, therefore, cavernous 
lymph-angioma (Virchow). In some cases, cavernous blood- 
angioma was observed. No new formation of striped muscles 
was found in the tumor. 
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Attention has recently been drawn to tumors which, in addition to well- 
developed fibrous connective tissue, contain tracts or alveoli filled with finely 
granular polyhedral nucleated plastids, resembling the endothelia of blood- 
vessels. Tumors of this structure are termed endothelioma, and, as a matter 
of course, are of a benign character. I have seen such formations in a 
sebaceous adeno-fibroma of the scalp, in a lipo-fibroma of the skin of the face, 
and in a tumor of the choroid the size of a sugar-pea. Endothelia are in their 
structure identical with the medullary corpuscles, representing the stage of 
indifference from which connective tissue and its derivations arise. In the 
first instance, the endothelial tracts were like blood-vessels, but without per- 
foration ; such tracts were also observed in the angioma of the skin of the 
forehead of a child, illustrated in Fig. 209. In the second case, fat-globules 
were found in the midst of the endothelia, and the conception was admissible 
that fat originated from the endothelia, there representing an intermediate 
stage. In the third case, alveoli were present, closely resembling cancer 
nests. The differential diagnosis in such a case rests upon the regular arrange- 
ment of the alveoli ; the lobular structure of the tumor ; the fully developed 
fibrous connective-tissue frame, which is of a nearly uniform width and scantily 
supplied with blood-vessels ; the fine granulation of the plastids and their pale, 
finely granular nuclei. In such cases a positive differentiation between endo- 
thelioma and epithelioma (cancer) seems dif&eult, if not impossible ; though the 
clinical course of the benign endothelioma is altogether different from cancer. 

8. Myoma. Muscle Tumor. 

Tumors composed exclusively of striated muscles do not 
occur ; striped muscle-fibers are constituents of tumors, appear- 
ing occasionally in the testis and the ovary, which also contain 
remnants of other tissues, such as cartilage, bone, teeth, and 
hairs. These are the so-called “ dermoid cysts” — teratoid and 
combination tumors. On the contrary, tumors composed of 
smooth muscle-fibers are of frequent occurrence, always com- 
bined, however, with fibrous connective tissue, constituting, 
therefore, myo-fibroma or fibro-myoma. The organ which is the 
most frequent site of tumors of this sort is the uterus, in middle 
and advanced age, especially in the colored races. 

Myo-fibroma of the uterus appears either beneath the mucous 
layer, in the middle of the wall, or at the periphery of the uterus 
(submucous, intraparietal, and subserous myo-fibroma), and in 
almost every instance more or less smooth muscle-fibers are 
found mixed with the connective tissue. The latter tissue carries 
the blood-vessels, which vary greatly in amount and sometimes 
are so abundant as to justify a diagnosis of angio-myoma. 
Fibrous tumors of the ovaries which I have examined exhibited 
the same features. A subserous myo-fibroma of the uterus, under 
the microscope, gave the appearances illustrated in Fig. 213. 
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The bundles of smooth muscles are either scattered irregu- 
larly throughout the tumor, always interlacing in different direc- 
tions, as shown by sections, or there is a lobular structure when 
nodules containing many smooth muscles, but little connective 
tissue, are separated from each other by comparatively broad 
layers of fibrous connective tissue. In bundles of smooth mus- 
cle-fibers, cut longitudinally, the muscle nature of the fibers is 
often unrecognizable, as they blend with those of connective tis- 
sue, while in transverse sections of the bundles all doubts of the 



Fig. 213 . — Myo-fibroma of the Uterus. 


L, Bundles of smootli mnscle-fiBers cut longitudinally ; F, bundles of smooth muscle- 
fibers cut transversely ; A, artery with a very broad muscle-coat ; V, vein. Magnified 200 
diameters. 

muscle nature of the fibers are removed, owing to the presence 
of abundant bioplasson and rod-like nuclei within the spindles, 
separated from one another by a delicate fibrous perimysium. 
One of the most striking features, in some cases, is the heavy 
muscle-coat surrounding the arteries. (See Fig. 214.) 
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Myo-fibroma ot the uterus is prone to fatty and calcareous 
degeneration ; the former invades both the plastids of the con- 
nective tissue and the muscles, the latter only the connective- 
tissue frame. Moreover, there are cases on record where an 
original myo-fibroma has changed into a malignant myeloma, or 
even into cancer. 

Myoma is a tumor of rare occurrence in the skin (growing in 
the neighborhood of the nipple and in the scrotum), somewhat 
less rare in the wall of the oesophagus, the stomach, the intes- 



Fig. 214. — Myo-fibroma op the Uterus. 


L, long-itudlual bundles of smooth muscle-fibers, not distinguishable from fibrous connect- 
ive tissue; F, bundles of smooth muscle-fibers, cut transversely; A, artery with a heavy 
musclo-coat. Magnified 500 diameters. 

tines, in the wall of the urinary bladder, and in the prostate (in 
the latter, hyperplastic myoma — Virchow). 

9. Neuroma. Nerve Tumor. 

The term “ neuroma can be properly applied only to tumors 
which consist entirely, or at least partially, of newly formed 
medullated or non-meduUated nerve-fibers; but it is doubtful 
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whether such formations ever occur. Tumors containing nerves 
have been observed most frequently on the spinal nerves, less 
frequently on the sympathetic, and least frequently on the cere- 
bral nerves. No positive proof has been given, however, that 
the great quantities of nerves in these tumors are really newly 
formed. If the internal perineurium — of course connective tis- 
sue only — be augmented, the innumerable nerve-fibers are 
pushed apart and may make the impression of constituting a 
true neuroma. Giinsburg, Wedl, and others have demonstrated 
that, in the nodular nerve-growths developed after the amputa- 
tion of a limb, large numbers of the bundles of nerve-fibers, both 
of the medullated and non-medullated varieties, were newly 
formed. There are recorded cases in which one nerve produced 
a number of tumors, which gave the formation a rosary-like 
appearance ; in other cases, on a number of nerves in different 
localities, tumors were found, and it is asserted that in such nod- 
ules newly formed nerves were present in a large number (mye- 
linic neuroma of Virchow). Some congenital tumors in the 
sacral region have been found to contain a large number of 
medullated nerves. Virchow observed teratoid tumors, composed 
of nerve-tissue, resembling the gray substance of the brain. 

Of still more doubtful occurrence are the tumors composed 
of non-medullated nerve-fibers, — the amyelinic neuroma of Vir- 
chow, — who describes a case of recurrent ulcerative, and conse- 
quently malignant, neuroma (“neuromatous diathesis”)- Even 
with our modern methods of investigation a positive proof of the 
presence of non-medullated nerve-fibers is not easily obtained, 
and many authors have doubted the existence of true amyelinic 
neuromata. 

Most of the nerve tumors have proved to consist, in addition 
to a varying number of nerve-fibers, of the myxomatous and 
fibrous varieties of connective tissue. Instead of using the term 
“ spurious neuroma,” we shall designate such tumors as myxoma 
or fibroma growing from a nerve, or if the tumor contains a large 
number of nerve-fibers, we may term it neuro-myxoma, or neuro- 
fibroma. Most of the so-called “ painful tubercles ” of the skin 
also belong to this class. (See Fig. 215.) 

Sometimes myeloma develops on or in a nerve, and, in 
accordance with our terminology, such a tumor would be called 
neuro-myeloma. The nerve-fibers, however, in the advancing 
growth of the tumor are soon destroyed and transformed into 
myeloma tissue. 
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The most important clinical sign of neuroma is its painfulness, 
which bears no relation to its size. Small tumors the size of a 
lentil are sometimes extremely painful, while large ones, the size 
of a man’s fist, cause little or no pain. This difference in the 
amount of pain depends, doubtless, upon the fact that the nerve- 
fibers in some tumors are quickly destroyed or transformed into 
the tissue of the tumor. 


10. Papilloma. Warty Tumor. 

Warty tumors are combinations of connective and epithelial 
tissue ; the former produces the finger-like, papillary elevations, 
the latter furnishes the outer investment. The connective tissue 



Fig. 215. — Neuro-fibroma op the Skin above the 
Patella of a Woman. 

JV, remnants of medullated nerve-fibers, 'svitb fiuted outlines ; M, myeline drops, sepa- 
rated from one another ; V, capillary blood-vessel. Magnified 600 diameters. 

is in its structure either fibrous or myxomatous, or a combination 
of both, and, as a rule, supplied with numerous blood-vessels, 
some of which are very large. Sometimes papillomatous growths 
exhibit the structure of myeloma, either from the beginning or 
after, by repeated trials of extirpation, considerable irritation has 
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been set np. Under these circnmstances, an originally benign 
papilloma may pass into a myeloma, or a secondary change into 
cancer may take place, both rendering the tnmor malignant. 
According to the natnre of the connective tissue and the amount 
of covering epithelium, we distinguish a horny and a myxoma- 
tous papilloma as primary tumors. 

(a) Horny papilloma is composed of highly vascularized 
fibrous connective tissue, producing branched, finger-like pro- 
longations, and is covered by a stratified epithelial layer, usually 
of considerable breadth. The deepest layers of the epithelia con- 
tain a varying amount of pigment. (See Fig. 216.) 



Fig. 216. — Papilloma of the Larynx. 


E, heavy epithelial cover ; P, papillary prolongations of connective tissue ; V, wicle hlootl- 
vessels. Magnified 50 diameters. 

Warty tumors are of frequent occurrence on the skin, partic- 
ularly of the fingers, and are often caused by a continued local 
irritation of the part. They usually appear at the time of 
puberty, and disappear spontaneously. They attain the largest 
size in the region of the genitals, and are called in this situation 
warty condylomata, their growth being always due to the local 
irritation produced by the blennorrhoic secretion. They have 
nothing in common with syphilis. Warty tumors are also of 
frequent occurrence in the mucous membranes, especially of the 
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larynx. The horns and claivs of the skin of the face and the 
scalp of elderly persons are papillomatous tumors with very long^ 
and thin papillse. Warty tumors are known to he difficult to 
cure, and with advancing age sometimes to change into cancer. 

(h ) Myxomatous papilloma occurs rarely on the skin, but more 
frequently on mucous membranes. Such tumors consist of a 
soft myxomatous connective tissue, always rich in blood-vessels, 
and covered either with a comparatively thin layer of stratified 
epithelia, or with a single layer of columnar epithelium. (See 
Fig. 217.) 



Fig. 217. — Papilloma op the Mucosa op the Uterus. 

-Pi, painUa covered by a single layer of columnar epitlielia ; P^, epithelial layer in toi>- 
view ; P3, papilla deprived of its epithelial cover. Magnified 600 diameters. 

To this class belong the papillomatous tumors, so-called “ carun- 
culse,” of the female urethra, which are often extremely painful and 
cause serious hgemorrhages. They appear as dendritical, scarlet, 
sessile' vegetations, usually at the external orifice of the urethra. 
They occur, but are rare, in the mucosa of the uterus and of the 
bladder. Lucke first drew attention to the fact that the formerly . 
so-called “ papillary cancer ’’ of the bladder is originally a benign 
papilloma, which in a secondary change may take on the charac- 
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ter of myeloma or cancer. This fact was recently corroborated 
by the accurate investigations of A. W. Stein, Papilloma of the 
nterns may cast off portions of its substance with the menstrual 
discharges. This occurred in the case of the woman who passed 
the shreds illustrated in Fig, 217. Shreds of tissue may also be 
passed with the urine, if papilloma of the bladder be present. 
Papillary tumors combined with adenoma sometimes appear in 
other mucous membranes, and they are always more difficult to 
eradicate and more prone to change into a malignant type than 
simple myxo-adenoma. 


Microscopical Study op Papilloma op the Larynx, 

By Louis Elsberg, M. D., New-York.* 

All otlier laryngeal tumors together occur less frequently than papillo- 
mata. Of three hundred and ten eases of intralaryngeal morbid growths 
that have come under my observation, I believe one hundred and sixty-three 
to have been papillomatous, although the diagnosis, many times, was made 
clinically only — i. e., without microscopical examination. 

The tumor, the size of a coffee-bean, which is the subject of my study, was 
removed by evulsion from the anterior portion of the vocal band of a woman 
thirty-six years old. In sections examined with low powers of the microscope 
a central mass of connective tissue is seen, abundantly provided with large 
blood-vessels, mainly veins and capillaries, some choked with blood. Taper- 
ing prolongations extend from this mass outward toward the periphery of the 
tumor and the papillae, and terminate in a large number of minute, finger-like 
ramifications. The central mass, with its prolongations, is invested with a 
thick stratified epithelium, the lowest portion of which — i. e., the one nearest 
the connective tissue — is a row of columnar epithelia, the main mass 
cuboidal, and the peripheral portion fiattened epithelia. The latter exhibit 
in some places irregular erosions, which produce a rather jagged outline. 
Corresponding to the papillae, the epithelial layers form rounded protrusions, 
the valleys ' between the papillae representing the main mass of epithelial 
structure. 

Higher powers of the microscope (500-600 diameters) show the fibrous con- 
nective tissue in the central portion of the tumor to be made up of interwoven, 
longitudinal, and transverse delicate bundles of fibers, the relatively thinner 
bundles being nearer the periphery. Most of the papillae contain predominantly 
the variety of connective tissue called myxomatous. Within the connective- 
tissue bundles are seen numerous plastids, either single or in chains, either 
roundish or oblong and fusiform, which are the so-called connective-tissue 
corpuscles. In the myxomatous portion the fibers are more delicate than in 
the fibrous, and are in many instances arranged in the shape of a delicate 
net-work, at the nodes of which small, oblong nuclei are met with, while the 
meshes contain either a finely granular basis-substance or globular plastids of 
varying size. The blood-vessels, which, as before mentioned, are very numer- 
ous and very large, wind their way between the bundles, and some of them 
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have a very narrow but distinct muscular coat. The endothelial coat of the 
capillaries is well developed; at some places the endothelia are clustered 
together, with marks of division within the cluster, pointing to a proliferation 
of the endothelial wall. Most of the capillaries are surrounded by a some- 
what denser fibrous connective tissue, even in the myxomatous portion of the 
tumor. This layer of fibrous tissue constitutes an adventitia of the capillary 
blood-vessels more distinct than is ordinarily met with in normal tissues. 

The boundary-line between connective tissue and epithelium at many 
places in the various specimens is sharply defined by a narrow zone of dense 
fibers, identical with what has been termed the basement membrane ; at other 
places, on the contrary, such a bounding zone is absent, and there is a gradual 
transition of connective tissue into epithelium. In the latter cases the epi- 
thelial bodies send offshoots into the reticular portion of the myxomatous tis- 
sue, and it is impossible to tell where one terminates and the other begins. 
Where a bounding layer of connective tissue exists, the columnar epithelia are 
well defined ; where such a zone is absent they are ill defined, several rows 
being sometimes piled up, each epithelium of a more or less fusiform shape 
and very narrow. Surrounding each individual epithelial body, whether 
spindle-shaped or well defined, and separating each from all the others, there 
are very narrow light rims, pierced by extremely delicate threads. The main 
mass of epithelium consists of cuboidal elements, which are polyhedral and 
separated from each other by a light rim, — the so-called cement-substance, — 
traversed by a large number of delicate threads or ‘ ‘ thorns.” Whenever the 
razor has reached the surface of a cuboidal element in front section, the epi- 
thelium looks as if studded with short hairs or thorns. The cuboidal epithelia 
nearest the outer limit exhibit the cement-substance and the thorns less 
markedly, and in the layer of fiattened epithelium at the periphery, cement- 
substance and thorns are scarcely recognizable. 

Most of the cuboidal epithelia hold in their interior a nucleus, the aspect 
of which is, however, various. Not infrequently an epithelium has two nuclei, 
of which one is finely, the other coarsely, granular, or both may be coarsely 
granular, differing from each other only in size and in the number of granules 
they contain. Occasionally a nucleus constitutes an almost homogeneous 
shining mass ; and, again, a mass split up into two or three relatively large 
lumps or clusters of granules. Around compact nuclei a broad light rim is 
sometimes visible, evidently a vacuole — i. e., a closed space filled with a 
liquid. Large vacuoles in the centers of some epithelia are seen perfectly 
empty, presumably because the nucleus that was in them has fallen out, or 
been dragged out by the razor. 

Instead of the so-called thorns seen in cement-substance, frequently slender 
spindles are wedged in between two epithelia of a higher refracting power 
than the latter. Or a shining spindle-shaped corpuscle lies close against one 
wall of an epithelial body, while the cement-substance at the opposite side of 
the spindle is slightly distended, and pierced by thorns running at right 
angles to the spindle. In other instances, the thorns between two epithelial 
walls seem to have run together into an almost square or oblong homogeneous 
shining rod ; the cement-substance, more or less broadened, surrounding the 
rod on one or both sides and being pierced with other slender thorns. Again, 
compact club-like or pear-shaped shining bodies, or a number of granules 
in clusters of either a pear- or spindle-shape, are seen in the considerably dis- 
tended cement-substance between two epithelia. These masses sometimes 
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reach, and sometimes surpass, in size that of large epithelial nuclei. Lastly, 
pale or coarsely granular bodies are seen wedged in between two or three 
neighboring epithelia, smaller in size than the latter, some being devoid of, 
and some possessing, oblong nuclei. These various formations in the cement- 
substance are found in large numbers in the vicinity of the papillae. They 
occur in the cement-substance of columnar as well as in that of cuboidal epi- 
thelia. Very near the periphery of the tumor they are scanty, but absolutely 
absent in the outermost layer of flat epithelium only. 

With the highest powers of the microscope (1200 diameters) the fibrous 
portion of the connective tissue is seen to be composed of extremely delicate 
spindles, which are separated from each other by very narrow light rims, 
analogous to those which we are accustomed to see in epithelial formations. 
By closely watching these light rims we certainly detect in them slender 
threads, analogous to the thorns long known to exist in the cement-substance 
of epithelium. The spindles themselves, representing what we call basis- 
substance of connective tissue, are by no means homogeneous. In the thin- 
nest layers of the bundles in the central portion of the tumor they exhibit a 
delicate but distinct net-work, the threads of which are grayish, the carmine 
coloring being confined to the meshes. Interspersed between the spindles is 
seen a large number of multi-caudate corpuscles of reticular structure, the 
peripheral sprouts of which tend toward the spindles and inosculate with the 
net-work of the basis-substance. 

The peripheral portion of the connective tissue is, as has already been 
stated, of a prevailing myxomatous structure. Here the spindles constituting 
the basis-substance, instead of being packed together to form bundles, are 
associated in the shape of a coarse reticulum, holding numerous small corpus- 
cles, mainly at the points of intersection ; but the larger meshes encircled by 
the spindles also contain a nnmber of similar corpnscles or else a light, 
so-called myxomatous, basis-substance. High powers of the microscope reveal 
a delicate net-work structure in the inside fields of the myxomatous basis- 
substance, as well as in the encircling spindles, and this net-work is in unin- 
terrupted connection with the corpuscles at the junction of the spindles and 
those contained in some of the meshes. 

The most peripheral portion of the connective tissue is in connection 
with the epithelium. Where a sharp line of demarcation exists, the highest 
powers of the microscope reveal a single layer of connective-tissue spindles, 
serving as a basis for the epithelia to rest on. This terminal stratnm is in 
close connection with the subjacent reticulum of myxomatous tissue and with 
the capillary blood-vessels nearest the periphery. The blood-vessels not 
infrequently approach the stratum so near that only a very narrow light rim 
is left between their wall and the epithelium, and this rim is invariably tra- 
versed by delicate grayish filaments. On the opposite side the stratum is in 
close contact with the peripheral threads of the net-work of fully developed 
columnar epithelia. In the case of not fully developed epithelial elements, as 
intimate a connection is established by shining homogeneous spindle-shaped 
prolongations, which go from the terminal stratum into the epithelial layer as 
either an irregular reticulum or rows of filaments, arranged in a more or less 
regularly vertical direction around a reticulated corpuscle, containing in its 
interior one or more small, reticulated bodies of the aspect of nuclei. Thus, 
such a reticulated corpuscle —i. e., a not yet fully developed epithelium — is 
inclosed in the spindle in a similar manner to that in which the cement-sub- 
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stance surrounds fully developed epithelia. The difference is that the spin- 
dles are homogeneous and shining, of the same refracting power as the 
granules and threads of living matter, while the cement-substance is a pale 
layer without any refracting power. Evidently, the spindles are compact 
masses of living matter from which future epithelia arise, while the cement- 
substance proper is a lifeless, horny material, containing only very little liv- 
ing matter in the shape of the minute thorns that traverse it. 

Where there is no sharp demarcation between connective tissue and epi- 
thelium, even the highest powers of the microscope fail to demonstrate where 
one terminates and the other begins. Only the presence of capillary blood- 



Fig. 218. — Papilla, with Surrounding Epithelium. 
Oblique Section. 


a, Lnudle of fibrous connective tissue ; 6, plastid between the spindles j c, myxomatous 
connective tissue ; d, capillary blood-vessel cut across ; e, layer of connective tissue at the 
base of the epithelia; /, si)indle-shaped i)rolongations of the layer e, ijisinuated between 
the epithelia ; g, columnar epithelium ; A, medullary tissue, transition of connective tissue 
into epithelium. Magnified 1200 diameters. 


vessels furnishes some guidance for the determination of what is connective 
tissue. (See Fig. 218.) 

In the lower strata of epithelia we most frequently meet with the 
appearances in the cement-substance already described. The high power 
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reveals in the cement-substance masses of living matter which tend unques- 
tionably toward the formation of new epithelial bodies. The initial stage of 
such formation is a growth and confluence of the thorns into rods or spindle- 
shaped masses, which remain in connection with the neighboring epithelia by 
means of delicate threads. Such a change in the bulk of the living matter is 
possible only after the liquefaction of the horny cement-substance. An increase 
in the bulk of the thorns is invariably accompanied with a widening of the 
space occupied by the cement-substance. Of course, the larger the formations 
of living matter between the epithelia become, the larger must become the 
space in which they are located ; and this enlargement often leads to the produc- 
tion of bay-like excavations along the walls of contiguous epithelia. Such 
excavations sometimes hold irregular clusters of bodies, which in their optical 
behavior are identical with the nuclei of epithelia generally. The preliminary 
stage in the development of a new epithelial body is completed by the appear- 
ance of a coarsely granular plastid, between the old finely granular epithelia 
and the appearance of lines of new cement-substance around the newly 
formed body. Changes similar to those that go on in the cement-substance 
also occur in the interior of the nuclei. Nuclei of a dumb-bell shape, or two 
nuclei within one epithelial body, have long been known as common features 
in epithelia. They certainly seem to point to a multiplication of nuclei, but I 
am unable to say whether they have anything to do with new formation of 
epithelia or not. (See Fig. 219.) 

As an addendum I may state that I have found, in microscopical sections 
made from a papilloma of the penis, a so-called venereal wart, the same 
characteristic features that I have described as belonging to papilloma of 
the larynx. 

A. Biesiadeeki was the first to draw attention to the presence of shining, 
spindle-shaped bodies within the cement-substance of inflamed (eczematous) 
skin, in which an active new growth of epithelia takes place ; but he claimed 
that these spindle-shaped bodies came from the connective tissue. The most 
recent writer, E. Klein, holds a similar opinion, for he describes and figures 
in his ‘‘Atlas of Histology,” in the cement-substance of epithelium from the 
tail of a tadpole, what he calls “branched cells” of connective tissue, which 
“ are seen to extend with their processes amongst the epithelial cells.” My 
observed series disproves, of course, any such opinion. 

What Iliave proved in regard to the new formation of epithelia is that: (1) 
Epithelium multiplies from medullary elements not distinguishahle from those that 
form connective tissue at the boundary between these two tissues; (2) epithelium 
midtiplies from the neiv growth of medullary elements which originate in the living 
matter — the so-called thorns — within the cement-substance. 


11. Adenoma. G-landular Tumor. 

Adenoma is composed of a myxomatous or fibrous connective 
tissue, containing newly formed glands of either the acinous or 
tubular varieties. Blood-vessels are found only in the connective- 
tissue portions. The most characteristic feature of the glands is 
the central caliber, which is invariably found in both the acinous 
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and tubular formations. Acinous glands, as a rule, are lined by 
cnboidal or short columnar epithelia, which are often stratified ; 
while tubular glands are lined by columnar epithelia, which are 
sometimes ciliated. The regularity in the arrangement of the 
epithelia, their fine and uniform granulation, and the compara- 
tively fine granulations of the nuclei, are, in many instances at 
least, distinguishing points for the diagnosis of an adenoma 
under the microscope. 



Fig. 219. — Cuboid al Epithelia, from the Neighborhood 
OF THE Columnar Epithelia. 


a, nucleus siiiToimded by a liglit space, a sc-calleil vacuole ; h, empty viicuole, nucleus 
dropped out; c, epitlielium with two nuclei; (I, epitlielium witli a bright, lioniogeneous 
nucleus; e, “thorns,” or filaments of living matter in the cement substance ; /, thorns in- 
creased in size ; g, eidarged thorns, united into a shining, spindle-shaped body ; li, ijear-shaped 
body between epithelia ; i, rows of lumps and rods ; Ic, medullary elements ; I, newly formed 
epithelium wedged in between the old. Magnified 1200 diameters. 

Adenoma is a common tumor, and occurs most frequently in 
the following localities : 

In the shin glandular new formations are observed, starting 
from the sebaceous glands as sebaceous cysts, as molluscum seba- 
34 
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ceum, and as milinm. In some instances the epithelia are trans- 
formed into large, shining, sometimes stratified, colloid corpuscles, 
which were erroneously thought to he the infections material 
of the mollusctim contagiosum^ when a number of smaller 

tumors form around a large adenoma. In milium the sebaceous 
mass is inspissated, and by deposition of lime-salts is trans- 
formed into cretaceous material. Tumors of this kind are 
often inclosed by a thick fibrous connective-tissue capsule; 
they are liable to become inflamed and ulcerated or to enter the 
cystic degeneration. 

In mucous membranes ^ most of the myxomatous sessile or 
pedunculated so-called polypous tumors are adenomatous (Bill- 
roth), and deserve the name myxo-adenoma. They occur in the 
mucosa of the nasal cavities, the throat, the larynx, the tympa- 
num, the rectum, and the uterus. In children, polypi occur most 
frequently in the rectum, while in middle-aged persons they are 
more commonly found in other localities. Their size varies 
greatly. Those of the rectum sometimes grow to be as large as a 
chicken’s egg ; those of the uterus reach a still larger size. Ex- 
ceptionally a marked papillary character is observed on the sur- 
face. Rectal polypi show a distinct tubular structure in the 
newly formed glands. Ciliated epithelia occur both on the sur- 
face of the tumor and in the ducts of the glands, especially in 
polypi of the nasal, laryngeal, and aural regions. Those of the 
uterus also exhibit ciliated columnar epithelium, and are found 
both in the mucosa of the cervical canal and in that of the uterine 
cavity proper. In the latter situation they are often combined 
with the lymphoid variety of myxomatous connective tissue, re- 
presenting a benign type of tumors, though sometimes occupying 
quite extensive tracts of the mucosa. , 

A larger number of medullary elements in the myxomatous 
connective tissue indicates a more rapid growth and greater 
proneness to recurrence after extirpation. Exceptionally a trans- 
formation into myeloma and cancer takes place, particularly after 
repeated attempts at eradication. 

In the female breast^ adenoma of the acinous variety is also 
of common occurrence, combined with myxoma or fibroma. 
Sometimes the tumor is circamscribed and sharply defined from 
the surrounding tissue ; at other times the growth invades one 
or both mammary glands almost uniformly, which results in the 
formation of very bulky tumors. If the connective tissue is pro- 
fusely provided with medullaiy elements, the growth becomes 
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an adeno-inyeloma^ which is often combined with cystic forma- 
tions, and this condition was called cysto-sarcoma mamma\ In such 
tumors, well-marked canliflower-lik'e vegetations protrude into the 
calibers of the newly formed dilated and folded glandular spaces. 
These vegetations were erroneously supposed to be intraglandnlar ; 
but they are obviously produced by an outgrowth of the connect- 
ive tissue lying behind the glandular wall, which is usually ex- 
tremely vascular, and pushes and folds the wall into peculiarly 
complicated prolongations. Adeno-myeloma of the breast some- 
times breaks open and ulcerates, and the vascularized vegetations 
may bulge out from the nicer, with a simultaneous rapid growth 
of the tumor. Nevertheless, this variety of tumor is known to 
be comparatively benign, and to admit of a permanent cure by 
extirpation. 

In the thyroid body adenoma often occurs, producing the 
disease termed goitre. Either the alveoli, containing lymph-cor^ 
pnscles and colloid material, are uniformly dilated — the so-called 
parenchymatous goitre — or some of the alveoli, still lined by 
the original embryonal epithelia, may become cystic and, in addi- 
tion, be provided with numerous vascularized vegetations on the 
inner surface of the cyst — cystic goitre. From the alveoli can- 
cer may also develop as a primary or secondary tumor. 

The majority of cysts are secondary formations of adenoma. 
We sometimes observe cystic spaces in polypoid tumors, and can 
trace the gradual transformation of the glandular epithelia into 
a mucous, colloid, or serous mass. As an intervening stage, a 
sort of myxomatous tissue is observed arising from medullary 
corpuscles, into which the epithelia change before their liquefac- 
tion. The closed cavity of the original alveolus is gradually dis- 
tended and becomes a cyst, the inside wall of which is lined by 
flat epithelia. (See Fig. 220.) 

The sebaceous cysts and miliimi in the skin are invariably pre- 
ceded by a stage of adenoma. In the snbcntaneons tissue other 
cysts may arise independently of epithelial growth — f. i., the 
mcMceris, a cyst with honey-like contents 5 the hygromata, cysts of 
the Imrsm mucosae; and the so-called ganglia, cysts of the sheaths 
of tendons. The cause of the appearance of cysts in such cases 
as these is not known. Obviously, the cystic formations which 
spring from an accumulation of blood, due to an extravasation, 
cannot be considered as tumors in the strictest sense of the word. 

Unquestionably, epithelial growth produces the so-called der- 
moid cysts, which are very probably caused by anomalous forma- 
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tions ill embryonal development — tlie formation of an imperfect 
foetus in one perfectly developed, or intrauterine isolation by 
constriction of parts of the embryonal body. These cysts contain, 
besides epidermal tissue, hair-pouches, hairs, and also sebaceous 
and sudoriparous glands, cartilage, bone, and teeth. Such tumors 
were observed in the subcutaneous tissue, concreted with the 
periosteum, in the orbit and its vicinity, in the testes and the 
ovaries, rarely in other organs. Dermoid cysts have also been 
observed in the lateral regions of the neck, and, as has been 



Fig. 220. — Formation of Cysts in Myxo-adenoma. 
Nasal Polypus. 


M, myxomatous connective tissue ; (?, mucoid degeneration of the epitlielia of an acinous 
gland — a future cyst. Magnified 400 diameters. 

suggested by Roser, are due probably to an imperfect retro- 
gression of the gill canals of the embryo. Some of the cysts, 
occurring at the base of the oral cavity beneath the tongue, 
and termed ranulm, are considered dermoid cysts, especially 
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wlien their contents are dry epidermal or fatty, sebaeeons 
masses. 

Cysts of the internal female yenital organs are of frequent 
occurrence, usually found in the ovaries, and presenting either 
simple cysts inclosed by a comparatively thick capsule, or the 
so-called parenchymatous cysts, which are combined with ade- 
noma or cancer (cysto-adenoma, cysto-carcinoma). The latter 
varieties are rare in comparison with simple cysts. They are 
composed of one sac only, or of a number of partly closed, partly 
confluent, cavities — the so-called multilocular cysts. Their con- 
tents are either a serous or a viscid colloid liquid, mth a varying 
amount of blood. By a gradual change in the coloring matter of 
the blood the contents show varying shades of brown. An 
admixture of pus renders the liquid cloudy, and by decomposi- 
tion it becomes offensive and ichorous. Whenever pus-corpuscles 
are present, as a general thing, we find large, coarsely granular 
bodies, — the so-called gorged corpuscles, — which, perhaps, are 
epithelia in fatty degeneration; while red blood-corpuscles, 
swelled, and robbed of their coloring matter, appear as pale bod- 
ies, containing only few granules ; these are the so-called Drys- 
dale’s corpuscles, which are not characteristic, by any means, of 
the contents of an ovarian cyst. Cysts of the broad ligament 
also can be traced back to their epithelial origin from the paro- 
varies ; these single cysts almost always have very thin walls and 
serous contents, without any combination with solid tumors. 

In ovarian cysts the origin of the closed sacs from previous 
glandular formations, in most instances, can be easily traced. 
Usually, cysts originate in organs containing epithelia, — f. i.,the 
liver, the kidneys, — though here the cysts are, in the majority of 
the cases, produced by an inflammatory process. The medullary 
corpuscles springing from the former epithelia are specially 
endowed with the capacity of mucoid or colloid degeneration and 
the formation of secondary cysts. 


12. Carcinoma. Cancer. 

Carcinoma is composed of connective tissue and epithelium, 
the latter being arranged without regularity in the form of 
alveoli, cords, pegs, or nests ; they are without glandular struct- 
ure, and they show no regular central caliber. Cancer as a 
primary tumor exhibits the following varieties : 
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fa) In the variety termed scirrJius, or hard cancer^ the con- 
nective tissue is comparatively abundant and well developed, 
either of loose, fibrous structure or compact, almost homogene- 
ous. The epithelia are small, and arranged in narrow alveoli 
or in tracts, irregularly distributed throughout the connective 
tissue. (See Fig. 221.) 

The connective tissue is fully developed, but scantily sup- 
plied with blood-vessels. The small, polyhedral epithelia are 
separated from each other by light, narrow rims of cement- 
substance, but interconnected by conical filaments, in the same 
way as normal epithelia. The epithelia are clustered together in 
small, irregular masses, and between the clusters and the adja- 
cent connective tissue, in preserved specimens, a narrow space is 



Fig. 221. — Scirhhus, or Hard Cancer of the 
Female Breast. 

N, alveolus, lilleil ■with epithelia; CF, coimective-tissue frame, witli (CC) clusters of 
plastids, the conuective-tissue corpuscles ; PF, rows of epithelia, prohahly sprung from cou- 
nective tissue. Magnified 600 diameters. 

often observed, containing granular matter or mucous globules, 
which are considered to be the offspring of endothelia, lining the 
inner surface of the connective-tissue cavity. 

This variety is the least malignant and the slowest in its 
growth. It appears most frequently as a primary tumor in the 
female breast, at the side of the nipple, often retracting the 
nipple and producing folds in the skin. The comparative 


TUMORS. 


535 


density of its structure, an occasional darting, lancinating pain, 
especially at night, are its characteristic features. 

This tumor may exist for eight or ten years without any 
rapid increase in size, and without producing much discomfort 
to the patient. But after a certain time, almost invariably, the 
growth becomes more rapid, the pain more intense, and these 
changes mark the transformation of the tumor into medullary 
cancer, with a rapid unfavorable course and termination. 

(h) In the variety called epiflidioma, the epithelia are found 
lying in the connective-tissue frame as solid pegs or tracts or 
nests, in the centers of which a concentric arrangement is ob- 
served. The most central portions of the epithelia often undergo 
fatty degeneration, and produce shining, irregular masses of fat, 
the so-called cancer-pearls. The connective tissue is either of the 
myxomatous or fibrous variety, supplied with a moderate amount 
of blood-vessels, and either exhibiting fuUy developed basis-sub- 
stance or a varying number of medullary or infiammatory cor- 
puscles, replacing the basis-substance. (See Fig. 222.) 

This tumor is of common occurrence in the skin and the 
mucous membranes. Some of its varieties are comparatively 
slightly malignant ; for instance, the so-called cancer (rodent 
ulcer) of the skin of the face, whose cancerous nature was recog- 
nized thirty-five years ago by F. Schuh. The flat cancer produces 
shallow ulcers, without marked vegetations ; the ulcer gradually 
penetrates into the depth of the tissues, and destroys them, 
including cartilage and bone. Though, owing to the presence 
of the small epithelial nests, the cancerous nature of this tumor 
cannot be doubted, it never produces secondary tumors in inter- 
nal organs, but after a number of years kills by exhaustion. 

The nodular form of epithelioma is most frequently observed 
on the lips, the tongue, the anus, the external genitals, and the 
vaginal portion of the uterus. It is rarer in the skin of the 
extremities, the mucosa of the larynx, and the oesophagus. 

Sometimes the papillary {caulijioiver) character of the epi- 
thelioma is marked, especially in the skin of the face, at the 
vaginal portion of the uterus, and in the mucosa of the bladder. 
As before mentioned, it is highly probable that such so-called 
papillary cancers have started as papilloma, and have gradually 
changed into cancer. None of the sub- varieties of epithe- 
lioma, though easily infecting the neighboring lymph-ganglia, 
are particidarly prone to produce secondary tumors in internal 
organs. 
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(c) The variety called medullary cawccr is the most malignant. 
It shows the following features : 

The epithelia are very large and irregular in shape ; sometimes 
they are of a polyhedral form and partly nucleated, sometimes 
homogeneous and shining. They exhibit endogenous multipli- 
cation in tlie shape of so-called mother cells, and also multiplica- 
tion effected through wedges which spring from the living matter 



Fig. 222 . — Epithelioma op the Prepuce. 


J?, epitlielial pegs ; N, epithelial nests, with a eouceiitric aiTangenient of the epithelia in 
tlie centers of the pegs and nests ; P, so-called cancer-pearl in tlie ceiitei' of the nests and 
pegs; C, connective tissue, crowded with niednllary or intlaraniatorj’ corpuscles. JMagnitied 
200 diameters. 

in the cement-substance. The connective tissue is scanty ; it is 
fibrous in character, and incloses large and small groups of epi- 
thelia in closed alveoli. (See Fig. 223.) 

The characteristic feature of what we call medullary cancer 
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is, therefore, the large number of epithelial formations in com- 
parison with the connective tissue, the coarse gTannlation of the 
epithelia giving- them the appearance of bright, homogeneous 
lumps — i. e., solid masses of living matter, indicating an active 
morbid growth of epithelia. The compact lumps of bioplasson 
often appear as medullary corpuscles 5 the more rapid the growth 
of the tumor, the greater is the increase of the corpuscles and the 
more malignant the type of the growth. In the worst tumors 
of this kind, we can barely trace under the microscope fully 
developed, nucleated, polyhedral epithelia, arranged in nests ; 
the main mass of the tissue is constructed of elements closely 



Fig. 223. — Medullary Cancer of the Parotid Gland. 

E, I'egularli^ (leveloi)ed, polyliedral, uiicleatod opitlielia, wliieh at .//, by increase of tlieir 
living matter, have become shining and homogeneous ; M, medullarj' corpuscles in a space 
inclosed by living matter (so-called mother-cell) ; L, vacuolation of epithelia; F, scanty con- 
nective-tissue frame. Magnified 600 diameters. 

crowded together, exhibiting all the features of medullary cor- 
puscles, and rendering the tumor a myeloma rather than a 
cancer. Transition of cancer into myeloma under these circum- 
stances is often observed. An originally well-developed scirrhus 
may gradually assume the character of a medullary cancer, and 
this the features of myeloma. In the clinical variety of carcinoma 
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termed lenticular cancer (cancer eii cuirasse, Velpeau), wliich 
starts from a cancer nodule of the breast, and in a comparatively 
short time invades all the soft tissues of the pectoral wall, the 
shoulders, the upper extremities, we look in vain for the epithe- 
lial cancer-nests, the main bulk of the tumor being constructed 
like a very malignant globo-myeloma. Secondary tumors in 
internal organs, chiefly the lungs and the liver, often exhibit 
no distinct epithelial nests, but only the structure of globo- 
myeloma. 

Medullary cancer may appear primarily in any organ or tissue 
of the body, although unquestionably, in the majority of cases, 
it starts from organs which contain epithelial formations as 
anatomical constituents, and are, therefore, glandular. 

The localities where primary cancer most frequently develops 
are : the female breast, the cervical portion of the uterus, and the 
stomach. According to Virchow the order in which the organs 
are invaded by malignant groivth in general is the following : 
Stomach in 34.9 per cent. ; uterus, vagina, etc., in 18.5 per cent. ; 
large intestine and rectum in 8.1 per cent. ; liver in 7.5 per 
cent. ; face, lips in 4.9 per cent. ; female breast in 4.3 per cent, 
of the cases ; the sum total being 78.2 per cent, of fatal cases 
caused by malignant tumors. 

The classification of cancers is, as here shown, a simple matter, 
but some pathologists are anxious to construct a large number 
of species and sub-varieties of cancel-, with corresponding Glreek 
and Latin denominations. The term “plexiform” is suitable 
for the designation of epithelial tracts branching and connect- 
ing within the connective tissue. It may be stated as a general 
rule that the larger the amount of connective tissue in a certain 
bulk of the tumor, and the smaller the number of epithelial 
nests, the harder will be its consistency and the less its malig- 
nancy. On the contrary, the smaller the amount of connective 
tissue, the larger the number of epithelial nests, the greater 
will be its malignancy. Myxomatous connective tissue between 
the epithelial nests necessarily lessens the consistency of the 
tumor without increasing its malignancy. 

An important point for the determination of the degree of 
the malignancy of cancer is the presence of small, shining, globu- 
lar elements in the connective tissue. Larger numbers of these 
formations invariably indicate a rapid growth of the tumor, and 
if occurring in a very large number they render the tumor a 
myeloma. This condition is only found in the worst types of 
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medullary canicer. The pathological significance of these ele- 
ments differs according to the views of different authors. Those 
who believe the cancer epithelia to be an offspring of physiologi- 
cal epithelia, and consider them to have a certain specificity and 
independence of connective tissue (Thiersch, Billroth, Waldeyer, 
and others), assume that the medullary corpuscles in the cancer 
frame are due to an inflammation reactive upon the growth of 
the epithelia. While Virchow, who maintains a formation of 
cancer epithelia from connective tissue, considers these corpuscles 
as products of the connective-tissue cells.’’ The following 
article treats this subject more in detail. 


The Origin of the Carcinoma Elements. By E. W. Hoeber, M. D., 

New-York.* 

Eegarding the origin of the cancer elements, pathologists nowadays hold 
two essentially dilferent views. Virchow first announced that ‘‘connective- 
tissue corpuscles” might change into epithelial bodies; while Thiersch, Wal- 
deyer, and others maintained the view that epithelium is endowed with the 
property of an independent development ; epithelia of pathological formation, 
therefore, must always he the offspring of normal epithelia. The followers of 
the latter view seek support in the history of development, and avail them- 
selves of the theory of the germinal layers, as established by Kemak, for the 
explanation of pathological occurrences. To-day, arguments of this kind are 
of little value. The assertions of the independent action of the germinal lay- 
ers fall to the ground in face of the fact that, before the appearance of such 
layers, the germ is entirely composed of elements destitute of any peculiar 
character, and it is not till later that special formations arise from these 
elements. 

We know that in inflammation the tissue returns to a juvenile condition, 
and breaks down into the elements from which it had sprung. Elements pro- 
duce their own kind only when in the embryonal condition. All observers, 
notwithstanding our limited knowledge as to the cause of the growth of 
tumors, are agreed that the parent tissue, in which a primary new formation 
originates, also returns to a juvenile stage or stage of indifference, in which it 
is capable of producing new elements. These, in further development, give 
rise to the characteristic tissue forms, which are mainly of two kinds : vascu- 
larized connective tissue and a vascular epithelium. It has been maintained 
that the epithelia are always offsprings of the upper and under germinal 
layer, while endothelia originate from the middle germinal layer, especially 
from the connective tissue. But even this apparently sharp distinction 
between epithelia and endothelia will lose its point if we take into considera- 
tion the fact that both epithelia and connective tissue originate from elements 
which are morphologically identical. 

Koster has attempted to explain the development of cancers from endo- 

* Abstract of tli6 aiitlior’s essay, “Ueber die erste Entwickhmg der Krebselemente.” 
Sitzun{;sber. d. Kais. Akademie d. Wissenscli., 1875. 
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thelia of the lymph-vessels, without, however, throwing light upon this ques- 
tion, Recently, also, A. Classen has endeavored to include the “migTating 
cells ” in the production of cancer, forgetting, evidently, the fact that 
‘ ^ migrating cells ” are always elements in the stage of indifference ; that epi- 
thelia, if fully developed, are not possessed of the capacity of migration, and 
that no proof has yet been fiirnished of a new formation of tissue from wan- 
dering corpuscles. 

The subjects of my researches were cancers which had been removed from 
the right parotid region, from the skin of the face, from the female breast, 
and from the liver. The characteristic feature common to all cancers is the 



Fig. 224 . — Cancer op the Skin op the Parotid Region. 


CE, largo, nucleated caucor epithelia, partlj^ separated from each other hy elastic tihcrs, 
E ; C, unchanged lihrous connective tissue of the dernia of the skin. Magnified 000 
diameters. 

epithelial new formation, the epithelial bodies, however, varying greatly in 
size. The largest I saw were in the cancer of the parotid region. (See Fig. 
224 .) 

The cancer epithelia represented polygonal bodies, separated from each 
other by narrow rims of cement-substance having a ledge-like appearance and 
traversed by delicate spokes. Sometimes I saw the peg-like or alveolar for- 
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mations, filled ■with a continuous layer of bioplasson, with nuclei imbedded at 
regular intervals. In such layers — analogous to the so-called myeloplaxes 
— the cement-substance was partly or totally absent. A striking feature was 
that, in tumors of slow growth, the epithelia were small and their granules 
and lumps of bioplasson minute ; while in cancers of rapid growth the epithe- 
lia contained coarse granules and lai’ge nucleoli. In the cancer of the liver, 
which had increased rather rapidly, the epithelia exhibited a very coarse 
granulation, and both within and between them were seen numerous lumps 
of a homogeneous appearance, without a reticular structure. Many of these 
lumps in the alveoli had no similarity whatever -with true epithelial bodies. 

The second constituent part of the cancer tumors — i. e . , the connective 
tissue — especially in those of comparatively rapid growth, exliibited the so- 
called “small cellular infiltration.” (See Fig. 225.) 



Fig. 225.— Cancer- of the Skin of the Parotid Region. 

A, alveolus lilleil witli epithelia; L, so-called “small cellular” infiltration of the con- 
nective tissue ; -B, forinations within the connective tissue resembling ei)ithelia ; V, blood- 
vessel in transverse section. Magnified GOO diameters. 

Examination with the highest powers of the microscope proved that this in- 
filtration consisted of an accumulation of bright, globular homogeneous lumps, 
on an average not reaching the size of red blood-corpuscles. Each lump was 
almost constantly surrounded by a layer of bioplasson, whose granules were 
connected with the lumps by means of radiating filaments. The lumps 
assumed a -idolet stain after treatment with chloride of gold. They exhibited 
all phases of development, from compact masses to those which were pierced 
wdth vacuoles, and finally to those showing nuclei, which were inclosed by a 
thin.^ shell and contained one or two nucleoli. Evidently these were bioplasson 
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formations in a stage of indiiferenee, furnishing the material for specific 
formations. 

Now, what is the source of these bodies ? We observe that they appear first 
in rhomboidal fields, corresponding with the territories of connective tissue. 
At first one or two lumps only are visible in a territory ; later the whole terri- 
tory is transformed into a coarsely granular biojdasson mass, which contains 
a varying number of globular formations. In a still more advanced stage the 
territory is composed of polygonal plastids. Sometimes we see the connective 
tissue between two alveoli filled with flat elements, some of which contain 
large nucleoli. In such places it is apparent that a morphological difference 



Fig. 220. — Cancer of the Skin of the Parotid Region. 

C, connective tissue ; EE, epitlielia, eitlier arranged in closed alveoli or lying in the 
interalveolar connective tissue. Maguifled 600 diametei's. 

does not exist between the elements occupying the alveoli and those which 
lie without much regularity in the neighboring connective tissue. (See Fig. 
220 .) 

In specimens from a so-called flat cancer of the skin of the face, I observed 
that the connective tissue of the papillae in some places was almost completely 
transformed into elements having the appearance of epitlielia, and to such 
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an extent had this change progi*essed that only a delicate layer of fibrous con- 
nective tissue was left around the considerably dilated blood-vessels. 

Sometimes we see in the connective tissue, besides the regular alveolar 
formations, spindle-shaped groups composed of small epithelial elements; 
many of these groups pi’ove to be on all sides inclosed by connective tissue. 
Furthermore, epithelial formations occur which are traversed by a branching, 
shining, elastic reticulum, as illustrated in Fig. 224. The elastic fibers are 
arranged in such a way that the boundaries of the former territories of con- 
nective tissue still remain recognizable, while in some places the elastic retic- 
ulum replaces the epithelial cement-substance. 

Finally, I would draw attention to rather common formations of the tran- 
sition of indifferent bioplassoii masses into distinct epithelial bodies. On the 



Fig. 227.— Cancer op the Liver. 


L, aiopliisMoii lump ill the middle of a rliomh of hasis-substaiice of coniifective tissue 
(Glissoii’s capsule) ; R, multiuuclear, rliomiioidal hioplasson fonnations, sprung from con- 
nective tissue ; T^, blood-vessel. Magiiiiled GOO diameters. 


one hand, small groups of a spindle- or rhomb-shape, composed of epithelia, 
are imbedded in the fibi’ous connective tissue bordering the large alveoli. 
(See Fig. 227.) On the other hand, the epithelial character of single elements 
in rapidly growing cancers is not marked, as before mentioned. 

From what I have seen, I cannot support the decided distinction hitherto 
defined between epithelium and connective tissue. In the development of 
connective tissue we often observe formations bearing all the features of epi- 
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tlielia — f. i., the so-called osteoblasts, arising from medullary elements. In 
both the epithelial and connective-tissxie formations, in certain stages of their 
development, we meet with mnltinuclear bioplasson masses, in which in later 
stages either cement-substance or basis-snbstance makes its appearance. So 
far as the origin of different tissue forms is concerned, there is indeed a 
marked similarity between them all. 

I maintain that in development of ■carcinoma epithelial formatiotm appear in the 
connective iinsne which are independent of former (jlandHlar formations. The 
proofs for this assertion are the closed spindle-shaped spaces of the connective 
tissue, which contain epithelia, and the epiththial formations which, are traversed htj 
hranehimg elastic fibers. 

The closed spaces of the connective tissue were supposed to be lymph- 
spaces, the endothelium of which had been transformed into cancer elements, 
or lymph-spaces into which cancer elements had immigrated. The first 
mentioned concept of authors I need not contradict, for the endothelium is 
admitted to be a formation of connective tissue. The second assertion lacks 
foundation, for epithelia themselves do not migi’ate, and the assumption of a 
transformation of indifferent migrating corpuscles into cancer epithelia does 
not assist us in the explanation of the origin of cancer. 

My second proof is, 1 think, a still stronger one. It is that elastic fibers 
have never been observed in epithelial tissue, and, where they are present, 
they prove rather the origin of the epithelia from former connective tissue, 
whose territories are often bounded by elastic substance. 

I, therefore, consider the epithelial formations in the midst of connective 
tissue as the result of a rejuvenescence of the latter, such as we observe in 
the inflammatory process. Under anomalous conditions the connective tissue 
returns to its medullary stage, which in sarcomatous growths remains sta- 
tionary. If, on the contrary, the development from the medullary stage 
proceeds to the production of cement-substance, the medullary corpuscles 
assume the character of epithelia. The blood-vessels and their districts of 
nutrition may also have an influence on this process of development of epi- 
thelia, though the influence cannot be determined by observation, any more 
than an explanation is possible where the infection of cancer is located, 
Avhich is transportable to neighboring lymphatics and to different and remote 
organs. 

Virchow’s assertion that in certain conditions epithelium arises from con- 
nective tissue I consider to be correct, and I would widen this assertion by 
adding that it is not the connective-tissue corpuscles alone which furnish new 
elements, but it is the totality of living matter contained in the basis-sub- 
stance which participates in the production of new epithelial elements. 

Local Origin and Transinission. Malignant tumors frequently 
arise from long-continued irritation or from traumatic inflam- 
mation. Cancerous tumors, especially, can be traced to sitcb a 
'source. After a number of years warts on tlie face, owing, perhaps, 
to some slight injuries inflicted in washing, may ulcerate and 
assume the character of cancer. In smokers, cancer of the lips 
is often produced by the long-continued friction of jagged, bitten 
pipe-stems. Cancer of the tongue often arises from ulcers pro- 
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dueed by the friction of decayed and broken teeth; also from 
gummy tumors (Langenbeck). Persons addicted to alcoholic 
drinking are more prone to carcinoma of the oesophagus and 
stomach than those of temperate habits. Men in advanced age 
with a phimotic prepuce are subject to cancer of the penis ; and 
those sutfering from piles may acquire cancer of the rectum. 
Cancer of the breast and the uterus, in many instances, can be 
traced back to mechanical injuries. Ulcers of the skin, more 
especially the so-called varicose ulcers, — nay, simple callosities on 
the feet, — may take on a cancerous character. The primary cause 
for the growth of cancer we do not know. Middle and advanced 
age are most favorable for the growth of cancer — so much so, 
that it is rarely observed under the thirtieth year ; it very sel- 
dom occurs in children. The older a person, the more liable is 
he to cancer. This disease is observed only in civilized races ; 
travelers report it is never found amongst savages. A com- 
paratively good constitution is requisite for its growth; indi- 
viduals of the so-called phthisical constitution, or those broken 
down by chronic diseases, including syphilis, are not prone to 
cancer, though a gummy tumor may exceptionally give rise to a 
cancerous growth. Cancer and tuberculosis do not exclude each 
other, as was thought to be the case by older pathologists. In 
many instances we can trace the cancer as the primary disease, 
which, by breaking down the constitution, causes tuberculosis of 
dilferent organs. I have observed eight cases of this kind. 

Besides the local spreading of cancer, it almost invariably 
invades the lymphatics within its range, which are also trans- 
formed into cancer-tissue, and from which evidently starts the 
general infection. Secondary cancer formations have been 
observed not only in the lungs, the liver, or any organ, but 
sometimes almost all the internal viscera are found crowded 
with small nodules, identical in every respect to miliary tuber- 
cles, the so-called “ miliary carcinosis.^’ 

The Development op Carcinoma in Lymph-ganglia. 

By a. W. Johnstone, Danville, Ky.* 

During tlie winter of 1880-1, whilst working in Dr. Heitzmann’s 
laboratory in New-York, I examined four lymph-ganglia, three of which 
showed the initial stages of the formation of cancer. 

The first came from a man, forty-eight years old, who had noticed a few 
small nodules on his prepuce. One of these was cut out and sent to the 
laboratory for diagnosis. Upon its being pronounced cancer the penis was 
* Printed in abstract from tlie autlior’s manuscript. 
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amputated. Six months later, two enlarged lymph-ganglia were found in the 
right groin ; one as large as a hazel-nut, the other the size of a pea. Both 
were extirpated, and, although two years had since elapsed, the patient was 
perfectly well. The second ganglion came from a male inmate of Charity 
Hospital, New-York City, aged forty-two. He had a cancer of the throat that 
hied so freely that it necessitated the ligation of the right carotid. This was 
followed hy excision of the tumor and the removal of an enlarged lymph-gan- 
glion from the posterior maxillary region. The man died shortly after the 
operation, and at the post-mortem several abscesses were found in the lungs, 
and yellowish nodules in the liver and kidneys, which the microscope showed 
to be secondary cancer in its earliest stage of development. A male of over 
fifty years furnished the third specimen. About a year before, he was operated 
on for cancer of the skin on the leg. Shortly after, a number of new tumors 
arose, and the lymphatics of the groin began to swell. These new growths, 
as well as the lymphatics, were removed and brought to the laboratory. The 
fourth ease was a woman of unknown age, who was operated on, in 1875, at 
the German Hospital of New-York City. A few indurated lymph-ganglia were 
removed from the axilla. The last specimen I removed from the foot of a 
lady. No enlarged glands were found, and she is now perfectly well. 

The first three of these specimens contained all the stages of invasion, for 
they not only showed the fully formed cancer-tissue, but also the perfectly 
healthy adenoid structure. The fourth was composed of completed cancer- 
tissue. 

The transmission of cancer from a primary focus to the adjacent lymph- 
ganglia is probably done by a transmission of its epithelia through the 
lymph-vessels. This, we know, is sometimes done; for in case (1) I saw a 
few epithelia scattered among the lymph-corpuscles of the cortical substance. 
Their size and shape distinguished them from all surrounding formations. Of 
course, this fact will not support us in denying that the fluid portion of the 
lymph coming from the cancer — the so-called cancer juice — may also trans- 
mit the infection. We are sm*e only that cancer epithelia are lodged in the 
lymphatic ganglia ; but we are equally certain that we cannot explain why 
they or the juice can transform normal structures into cancer. , 

In the first three specimens I could trace, step by step, the whole of the 
cancerous metamorphosis. The first stage I found in that part of the ganglion 
where fibrous trabeculae separated the healthy from the diseased tissue. This 
consisted of a melting down or running together of the elements and the for- 
mation of large multinuclear masses — the so-called myeloplaxes. I have not 
seen these formations in healthy adenoid tissue, but found a few small ones 
in a hypertrophied tonsil. There is no doubt that they spring from the conflu- 
ence of the lymph-corpuscles in all their different stages of development, as 
well as from the myxomatous reticulum. 

In the lymph follicle the corpuscles are connected with each other by deli- 
cate offshoots of living matter, which pierce the separating layer of liquid. 

We may infer that all that is necessary to the formation of a “myelo- 
plax ” is the fusion of the jelly-like intertrabecular substance. The process 
of confluence of formerly separated corpuscles is shown in the earliest stages 
of a growing cancer, and in the invasion of a lymph-ganglion its central por- 
tion is generally first involved. Frequently I found an interfollicular string 
completely transformed into a continuous bioplasson mass, but still retaining 
its original shape. These masses are supplied at regular intervals with large 
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globular or oblong nuclei, which evidently are newly formed and have noth- 
ing to do with the original nuclei of the lymph-corpuscles. I have shown (see 
page 108, Fig. 31) that the myxomatous reticulum holds a delicate net-work 
of living matter, which, by the liquefaction of the basis-substance held in its 
meshes, becomes freed. This, most probably, is the process through which 
the myxomatous frame-work is converted into the same mass as the corpus- 
cles. These masses are coarsely granular, which means that they are freely 
supplied with living matter. 

The next stage is the appearance of cement-substance in the shape of 
straight, light lines, arising first in the middle of the bioplasson between the 
nuclei. At first, the cement-lines are scarce and in many places traversed by 
broad bridges of bioplasson. Later, the cement-substance assumes a regular 
polyhedral shape, though it is always pierced by delicate spokes of living 
matter, which are the inosculations of the reticula of living matter contained 
by the neighboring epithelia. 

The last feature is the formation of a frame of connective tissue which 
divides the large bioplasson layer into smaller alveoli — the cancer nests. 
The first trace of this formation is the appearance of delicate nucleated 
.spindles, which, by being split into smaller ones, build up the fibrous 
basis-substance. At the same time the blood-vessels of these trabecula 
are formed. 

Not infrequently the cancer nests in the middle of lymph-ganglia exhibit 
concentric onion-like layers of epithelia, which in all probability arise from 
the pressure caused by the contraction of the surrounding connective tissue. 
In the center of a nest we often see epithelia undergoing fatty degeneration. 
Sometimes this has advanced to such an extent as to form a fat plug, which 
is always surrounded by flattened horny epithelia. I found this concentric 
arrangement in the first three eases. The fourth exhibited a fibrous frame 
inclosing irregular alveoli, filled with large and coarsely granular epithelia 
without any regularity. 

The essential point in the invasion of lymph-ganglia by cancer is, first, the 
melting together of their components into large bioplasson masses. These in 
turn, by the formation of a cement-substance, are split up into polygons, 
which in groups become ensheathed by vascularized connective tissue, and 
thus give rise to the cancer nests. 

The study of the last case, that of a rapidly growing primary cancer of 
the foot, forced me to the conclusion that the same changes take place in the 
formation of cancers in general. For along the edge of the fully formed car- 
cinomatous tissue I found all the changes that I have Just described. In this 
specimen, the infiltration of the normal tissues \vdth globular corpuscles was 
unusually well marked. No doubt, the infiltration is itself a part of the can- 
cerous metamorphosis, and it is only one of the steps of the adult tissue 
toward a complete transformation into cancer tissue. So far as the micro- 
scope can prove, this infiltration in its histological appearance is identical 
with adenoid tissue, and the globular corpuscles are identical with the lymph- 
corpuscles. In their retrograde change there is but one step toward the for- 
mation of multinuolear masses. 


Secondary Changes of Cancer. Both the constituent tissues of 
cancer often undergo changes, which may either invade the 
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tumor in part only or throughout its entire mass. Among these 
changes I have observed the following : 

(a) Fatty Metamorphosis of the Cancer Fpithelia. This was 
known to the older pathologists as a yellow reticulum, usually 
seen in the central portions of the tumor. In the center of the 
nests in the variety termed epithelioma the epithelia are often 
transformed into fatty masses — the so-called cancer pearls. In 
scirrhus the fatty metamorphosis may invade a large number of 
epithelia, and in this way the tumor is robbed of its malignancy,, 
at least to a certain extent. As a change subsequent to fatty 
metamorphosis, calcareous deposition occurs. This I found in' a 
cancerous growth, the size of a pigeon’s-egg, which I extirpated 
from the subcutaneous tissue of the lateral region of the neck ; it 
exhibited calcareous depositions throughout all the epithelia to 
such a degree that it could be cut only after treatment with a 
chromic acid solution. Obviously, such a metamorphosis renders 
the tumor innocuous. 

fbj Waxy Metamorphosis. This I have repeatedly observed in 
cancerous tumors. It transforms both the connective tissue and 
the epithelia into a shining, homogeneous mass, and, if combined 
with colloid degeneration, destroys the original structure, so that 
the latter is recognizable only in some portions which are less 
changed. Such a condition I have seen in a cancer of the parotid 
gland. Sometimes shining and concentrically striated — so-called 
amylaceous corpuscles — are present in the connective tissne 
frame, and these may also become the seat of calcareous deposi- 
tion (the so-called arenoid corpuscles of Virchow). 

(c) Colloid Metamorphosis. It occurs chiefly in cancerous 
tumors of the alimentary canal and the salivary glands, very 
rarely in external organs. This change very much lessens the 
malignancy of the tumor, although a recurrence has in some 
cases been observed after extirpation. 

(dj Cystic Metamorphosis, which is closely allied to the col- 
loid change. Both processes are considered in the following 
article. 

(ej Pigmentary Metamorphosis. This is much rarer in carci- 
noma than in myeloma, and gives the tumor a brownish or bluish- 
black color to the naked eye. I have seen but one case of a tumor 
of this kind j it grew on the right shoulder of a man, and soon 
re-appeared after extirpation, which indicates that the presence 
of pigment increases the malignity of cancer, as it does that 
of myeloma. The recurrent tumor, in its uppermost portions,. 
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exhibited the structure of cancer, with very large polyhedral epi- 
thelia and a comparatively scanty connective-tissue frame ; both 
epithelia and connective tissue contained a large number of pig- 
ment clusters. The lower portion of the tumor showed the feat- 
ures of a pigmented myeloma, composed of large globular and 
spindle-shaped elements. 

The Development of Colloid Cancer. By H. G. Beyer, M. D.* 

Epithelial formations exhibiting a central caliber, either acinous or tubular 
in shape, must be considered as adenomata ; but such tumors, originally 
benign, are very prone to change into cancer and thus become malignant. 
When such a change occurs, the central caliber disappears, the connective 
tissue becomes infiltrated with shining globular elements, and epithelia are 
gi’adually developed therefrom. 

It frequently happens that the original character of a carcinoma is, by 
secondary changes, partly or entirely lost. In fatty, waxy, or calcareous 
degenerations, the general configuration of the texture may be preserved. 
Other secondary changes, on the contrary, entirely destroy the original archi- 
tecture of the tumor, leaving but few traces of its former primai’y character 
behind. Colloid, adenoid, and cystic cancer may be classified with this gronp. 
Colloid cancer is known to grow principally from the alimentary canal, the 
walls of the stomach, intestine, and rectum being its most frequent localities. 
Adenoid cancer is almost exclusively found in acinous glands, such as the 
lachrymal and salivary glands. Cystic cancer is only an exceptional occur- 
rence in different parts of the body, but is met with most frequently in the 
ovaries. The specimen of this variety studied by me had formed in the liver, 
secondarily to medullary cancer of the stomach, and was, therefore, a great 
curiosity. 

Of the colloid variety I had the opportunity of studying two cases : one 
from the stomach, the other from the large intestine. They are tumors of 
moderate consistence, infiltrating to a greater or less extent the walls of 
the stomach, respectively of the large intestine and the neighboring organs. 
The cut surfaces are of a pale grayish-yellow color, scantily snpplied with 
blood-vessels, and upon being scraped with the knife yield a jelly-like, semi- 
translucent juice. In slight degrees of colloid change a precise discrimination 
between this and medullary cancer of moderate softness is not possible to 
the naked eye, while the high degrees of colloid degeneration, which lead 
to the formation of very soft, jelly-like, often grannlar, tumors resembling 
frog’s spawn and quivering under the touch, are readily recognized. 

The two cases of adenoid cancer which I have studied came from the sub- 
maxillary gland. To the naked eye the appearances were not very character- 
istic. Under the microscope they presented a coarse framework, composed of 
bundles of connective tissue bounding a number of closed alveoli, and hold- 
ing a moderate quantity of blood-vessels. The smallest of the alveoli con- 
tained small but distinctly marked epithelia, while the larger ones held 

* Extracted from the essay, “ A Contribution to the History of the Development of Col- 
loid Cancer.” By H. G. Beyer, M. D., Assistant Surgeon, U. S. 'N.—Tlie Medical Gazette, 
New-York, April, 1880. 
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peculiar star-shaped formations with a central nucleus-like body, from which 
a number of spokes were seen to emanate. These spokes, after traversing 
the alveolus, blended with its wall. The largest of the alveoli showed only 
traces of delicate branching fibrillte, the main substance consisting, as in 
colloid cancer, of the so-called colloid mass. 

Cystic cancer can easily be recognized by the naked eye. The tumor 
shows a number of sacs, the size of a pin’s head to that of a walnut, hold- 
ing a sero-albuminous fluid. Under the microscope, epithelial nests were 
found only at the periphery of the tumor. The cysts consisted of a wall 
of connective tissue, and in the serous liquid contained in their cavities only 
a few plastids were found. 

Vertical sections obtained from the thickened wall of the stomach affected 
with cancer showed that the process of development had started from the 
submucous and muscle layers. A number of epithelial nests, bounded by 
smooth muscle-fibers, were found toward the periphery of the invading 
gi'owth. In the neighborhood of epithelial formations the connective tissue 
had lost its fibrous structure and was transformed into finely granular 
bioplasson, within which large, shining, yellowish lumps were irregularly 
scattered. The bioplasson stage having thus been reestablished, the change 
in the next consisted of an increase in size of the intersecting points of the 
living reticulum ; these were transformed into medullary corpuscles, and, 
after having reached a certain size, became polyhedral by flattening each 
other, and in this manner were transformed into epithelia. The same char- 
acteristic changes took place in the smooth muscle-fibers. They were first 
transformed into rows of small, shining lumps of living matter, and passed 
by different stages of transition into epithelia. Groups of such epithelia 
were surrounded by newly formed connective tissue, the framework of the 
cancer. 

In sections from the central portion of the tumor all the stages leading to 
a complete transformation into colloid cancer could be traced. Within the 
alveoli, bounded by newly formed connective tissue, a varying number of small 
medullary elements and a limited number of epithelia were observed; the 
remaining space was filled with a hyaline, apparently structureless, substance. 
Many of the alveoli were entirely devoid both of medullary elements and epi- 
thelia, holding only a homogeneous substance with remnants of living matter. 
Irregular clusters of epithelia could be seen here and there still attached to 
the cancer frame. Some of the connective-tissue bundles were in part coarsely 
granular and in part transformed into medullary corpuscles, giving rise to a 
myxomatous basis-substance. (See Fig. 228.) 

In the most advanced stages of colloid change the field was traversed by a 
coarse, irregular reticulum of connective tissue, within which, besides a homo- 
geneous substance, a more delicate fibrous net-work with remnants of epi- 
thelia were observed. Epithelia from these portions of the tumor, more 
especially when but one was present in an alveolus, had lost their polyhedral 
outlines, increased in size, as if by swelling, and had a globular or oblong shape. 
Some of them had increased three times their natural size, and presented 
the appearances of pale, dropsical, partly nucleated bodies. 

In specimens obtained from the colloid cancer of the large intestine it was 
shown that the change had very uniformly invaded the entire tumor. Here 
large alveoli, separated by coarse bundles of connective tissue, could be seen, 
holding a very delicate fibrous reticulum, with isolated clusters of epithelia. 
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The reticulum within the alveoli was either irregular or, in certain places, 
arranged in a star-like manner. In the center was a cluster of plastids, send- 
ing out filamentous processes which blended with the wall of the alveolus. 
The spaces between the radiating threads were filled with a finely gran- 
ular or homogeneous substance. In some alveoli, the reticulum presented an 
appearance identical with that of myxomatous tissue. In addition to these 
clusters of pale brownish-yellow epithelia, single, swelled, and dropsical-look- 
ing ones were also present, with pale granular contents. The latter evidently 
passed directly into the stage of myxomatous basis-substance. (See Fig. 
229.) 

Colloid cancer, consequently, is by no means a distinct species of cancer, 
but merely the result of secondary changes taking place in an originally 
medullary cancer. In the manner as cancer elements arise from medullary 
elements may fully formed epithelia, under certain' unknown conditions, 
retrogress to medullary elements. Whenever this occurs, medullary corpus- 
cles are transformed into a reticulum containing a jelly-like, homogeneous 
basis-substance, with interspersed remnants of epithelia. In the same man- 
ner, fully developed connective tissue may break down into medullary tissue. 



Fig. 228.-- Colloid Cancer op the Stomach. 


F, connective-tissue frame; E, epitlielia of cancer in tlie mesLes of tlie connective 
tissue ; M, medullary corpuscles spruiiR' from epithelia ; Ci, medullary corpuscles changing 
to colloid substance ; Ci, alveolus filled with a homogeneous colloid substance, a few epithelia 
left unchanged. Magnified 600 diameters. 

from which epithelia are developed, and epithelia may return to the medullary 
stage from which connective tissue is developed. 

With these observations in the mind, the formation of the so-called ade- 
noid cancer, too, can be readily understood. Here the alveoli originally con- 
tained cancer epithelia. These were changed into medullary corpuscles, from 
which were developed both the star-shaped myxomatous reticulum and the 
basis-substance filling its meshes. The center is occupied by either an 
unchanged epithelium or a cluster of medullary corpuscles, which have arisen 
therefrom. 

Furthermore, we can understand the development of cystic cancer, the 
smaller cavities of which are also very often traversed by a myxomatous 
reticulum. The degenerative change of epithelia into myxomatous basis-sub- 
stance reaches here its highest degree, and leads to the complete destruction 
of the myxomatous reticulum and to the liquefaction of its basis-substance. 
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Cysts are the results of a coalescence of alveoli, which is due to an augmenta- 
tion of serous fluid accumulating in the alveoli, Anally rupturing them. As 
regards their origin and development, there is no doubt about the identity of 
medullary, colloid, adenoid, and cystic cancer. 

My investigations admit of the following conclusions : ' 

1. Whereas cancer epithelia are developed from medullary corpuscles, and 
also connective tissue and smooth muscle-fibers, under certain morbid conditions, 
break down into these corpuscles, cancer may develop indirectly from connective 
tissue and smooth muscle-fibers. 

2. Cancer ej)ithelia may return to the medullary stage and reproduce myxoma- 
tous connective tissue. 

3. The reticulum of living matter, present in myxomatous connective tissue, is 
destroyed after the transformation of its basis-substance into colloid material. 


\ 


Fig. 229. — Colloid Cancer of the Large Intestine. 



F, connective-tissue frame, crowded with medullary corpuscles ; E, epithelia of cancer, 
partly or entirely filling the alveoli; AT, medullary elements, sprung from epithelia; S, clus- 
ter of medullary corpuscles, the center of radiating nucleated fibers, traversing the colloid 
substance. Magnified 600 diametei’S. 

4. Colloid and adenoid cancer originate from secondary changes of medullary 
cancer ; the changes consisting, first, in the transformation of the contents of an 
alveolus into myxomatous basis-substance, next, in the further change of the latter 
into colloid substance. 

5. Cystic cancer is but the result of a more advanced stage of liquefaction of 
the basis-suhstance of colloid cancer, accompanied by the formation of a connect- 
ive-tissue sac — the wall of the cyst. 


XIV. 

THE SKIN. 


T he apparently complicated structure of the integument 
becomes easily understood, if we keep in mind that there 
are but two tissues entering the structure of the skin — viz., 
connective tissue and epithelium. The connective tissue pro- 
duces the flat layer, called derma ; the epithelium covers the 
derma on its outer surface. The boundary line between the 
two formations is not even, but fluted, supplied with numerous 
small protrusions of the derma, the so-called papillce^ the sum 
total of which bears the name ‘‘^papillary layer.^’ The bundles of 
the connective tissue everywhere run an oblique course ; they 
are arranged in the shape of a coarse reticulum in the lowest 
portion of the derma, whose rhomboidal meshes contain a vary- 
ing amount of fat-globules, the so-called subcutaneous tissue. In 
the derma proper, the bundles run in two main directions, inter- 
lacing at acute angles, and thus producing a very dense felt, 
which by being tanned gives the leather. On the lowest portions 
of the derma the bundles are relatively coarse ,* they become 
finer nearer the papillary layer, and in the latter very delicate 
connective-tissue fibers are noticeable only, without a distinct 
aiTangement into bundles. The epithelial formations on the 
top of the derma, again, exhibit two layers : the lower one, that 
nearest to the papillary layer, is living, and supplied with nerves, 
the so-called rete mucosum ; while the outermost layer is com- 
posed of dry, horny epithelia, giving the formation called epi- 
dermis. The connective tissue is supplied with blood-vessels and 
lymphatics ; the epithelium lacks such formations. 
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(1) Subcutaneous Tissue. The loose connective-tissue bundles, 
traversing the subcutaneous tissue, are prolongations of the sub- 
jacent membraneous formations, the fasci® of the muscles, the 
aponeuroses, and the periosteum. The skin is firmly attached by 
means of short and coarse bundles, at the extensor surfaces of the 
articulations, in the groins, in the palms of the hands, and the 

soles of the feet. Here a vary- 
ing number of single or multi- 
locular spaces, containing a 
sero-mucous fluid, are usually 
found, — the so-called bur see 
mucoscB , — which are inclosed 
by flat layers of fibrous con- 
nective tissue and lined with 
endothelia. In other localities, 
such as the eyelids, the upper 
portions of the auricle of the 
ear, the penis, and the scrotum, 
the attachment of the skin to 
the subjacent fasciae is by loose, 
delicate connective tissue, con- 
taining no fat-globules. All 
other fibrous tracts of the sub- 
cutaneous tissue are more ob- 
lique in their course, and so 
extensible as to admit of a vary- 
ing degree of pliability of the 
skin 5 they inclose rhomboidal 
spaces, which contain more or 
less numerous fat -globules. 
The latter are grouped in lob- 
ules, bounded by a delicate fibrous connective tissue, with a com- 
paratively abundant vascular supply. This structure bears the 
nsime panniculus adiposus. (See Fig. 230.) 

(2) The derma or cutis is composed of dense interlacing bun- 
dles of fibrous connective tissue. Between the bundles we see a 
continuous branching bioplasson layer, with a varying number 
of nuclei, and sometimes with plastids, most of which are con- 
nected with the rest of the free bioplasson. The bundles appear 
very coarse in the lower, so-called reticular, portion, and are 
bounded by distinct elastic layers or elastic fibrillge. These are 
less marked as the bundles become finer toward the papiUaB, till in 



Fig. 230. — Subcutaneous Fat-tis- 
sue, THE Fat having been Ex- 
tracted BY Turpentine. 

B, Bundle of flBrous connective tissue, car- 
rying injected Blood-vessels ; C, capsule of 
fat-gloBules, witB oBlong nuclei. Magnified 
600 diameters. 
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the papillary layer they disappear altogether. The bundles of 
the derma have a certain regularity of arrangement, as is demon- 
strated by the researches of C. Langer. This investigator 
punctured the skin with a shoe-maker’s awl, and after the with- 
drawal of the instrument observed, in every instance, instead of 
round holes, longitudinal clefts, regularly distributed over the 
entire surface of the body. There are a few places where the 
awl produces irregular jagged openings in the tissue of the 
derma ; these are most marked in localities where the derma is 
closely attached to the subjacent tissues. The same investigator 
found that the striae of the skin of the abdomen and upper part 
of the thighs, produced by over-extension, usually in pregnancy, 
are caused by stretching in a horizontal direction of the bundles 
of the connective tissue of the derma. The blood-vessels also 
assume a horizontal course, following the stretched bundles. The 
epithelial cover remains unchanged. 

In the derma, the connective tissue is mixed with a varying 
amount of muscles. The striped mrieUj is seen in the skin of 
the face and the lateral aspect of the neck, where the lowest 
bundles connect with striped muscle-fibers, often in a reticular 
arrangement. In many animals the derma has an almost con- 
tinuous layer of striped muscles, the so-called panniculus carnosus^ 
which enables these animals to produce voluntary movements 
of the skin. Bundles of smooth muscle-fibers are scattered 
tliroughont the derma, either in a reticular or fan-like arrange- 
ment, or in the shape of single oblique bundles. The reticular 
arrangement of smooth muscle-bundles presents itself in the 
skin covering the nipple and its areole, the penis and the 
scrotum. In the skin of the penis the direction of the muscle- 
bundles is mostly circular, in the scrotum antero-posterior. The 
fan-like arrangement, and that in single bundles, occurs all over 
the skin, the muscles, so-called arreetores pilorum., being every- 
where in close relation to the hair-follicles. According to W. 
Tomsa the connection between the smooth muscle-fibers and the 
tissue of the derma is established by elastic fibers, which are 
twined around the muscle-bundles. This relation is specially 
marked in the arreetores pilorum. The connective tissue en- 
sheathing the larger coils of sweat-glands exhibits smooth 
muscle-fibers, which produce an almost continous layer around 
the sweat-glands of the axiUae. 

The papillary layer — i. e., the outermost portion of the derma 
— is composed of delicate fibers of connective tissue, not distinctly 
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interlacing, and freely supplied witli small nuclei along the fibers. 
The boundary line toward the epithelium is slightly fringed, as 
seen where the papOlary layer is withdrawn from the rete 
mncosnm ; sometimes a hyaline, so-called structureless, layer may 
be observed. (See Fig. 231.) The papill® are prolongations of 
the derma, varying greatly in size and shape in different localities 
of the integument. The largest and most numerous papillse, 
composed of a number of filiform elevations which coalesce 
into a more bulky basis, are found on the palmar surface of the 
hands and the plantar surface of the feet. In other places they 
form small conical or blunt protrusions. The papillae are every- 



Fig. 231 . — Papillary Layer of the Skin of a Child. 

Vertical Section. 

The papilla} are artificially separated from the covering epithelium. E, epidennis; R, 
rete mucosum; C, row of columnar epithelia nearest to tlie connective tissue; P, papilla;, 
composed of delicate fibrous connective tissue; X, longitudinal; T, transverse section of 
bundles. The blood-vessels Injected. Magnified 600 diameters. 

where arranged in rows, between which crossing furrows are 
present, visible to the naked eye, produced by a peculiar arrange- 
ment of the connective-tissue fibers, which is also marked on the 
outer epidermalj surf ace. The rows formed by the groupings 
of the papillae are especially well marked in the palms of the 
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hands and the soles of the feet, giving rise to the graceful spiral 
and concentric lines observed on the skin covering the last 
phalanges. 

In horizontal sections of the skin the papillae appear as light, 
circular, or oblong fields, marked by the presence of transverse or 
oblique sections of the capillary blood-vessels in their central 
parts. The depressions between the papillae are filled with epi- 
thelia, which, being arranged in the form of an interpapillary 
reticulum, have given rise to the inappropriate name “ rete 
mueosum.” (See Fig. 232.) 

According to J. Collins Warren,* the papillae are imperfectly 
formed on the posterior aspect of the body. The follicles of the 
lanugo hairs penetrate the superficial layers of the derma, the 
sweep of whose fibers would be unbroken were it not for the 



Fig. 232. — Scalp op a Colored Man. Horizontal Section. 

E, rete mnoosmn ; Pi, I'ow of columnar epithelia, cut obliquely, supplied with dark- 
hrowii pigment granules; Pa, papilla, cut transversely; P>, derma. Magnified 500 
diameters. 

existence of a structure which connects the bases of the hair 
follicles with the panniciilus adiposus. This consists of a col- 
umnar cleft extending from the subcutaneous tissue in a some- 
what oblique direction through the cutis to the base of the hair 
follicle. This cleft is filled with adipose tissue, hence the term 
fat-column ” is appropriate for its designation. Its long axis is 
placed at a slight angle to that of the foUicle, and is nearly 
parallel to that of the arrector pili muscle. The number of fat- 
columns corresponds to the number of hairs. They are seen 

* “A Manual of Histology.” By Thom. E. Satterthwaite, New-York, 1881. 
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most distinctly in tlie thickest portions of the skin, hut may 
he also fonnd on the shoulders and arms, the hreast, abdomen, 
and the lower extremities, although sometimes only slightly 
indicated. 

(3) Blood-vessels. The arteries, which supply the skin, pene- 
trate the subjacent fascia and anastomose with each other above 
the fasciae ; they are more numerous in the flexor surfaces of the 
extremities than in the extensor, and than in the trunc. The 
largest number is found in the palmar and plantar surfaces. 
In accordance with the accurate researches of W. Tomsa, the skin 
everywhere has three separate vascular districts, each of which 
is supplied with its own arterioles and roots of veins. The 
deepest is that of the subcutaneous fat-tissue ; the next in order 
is that of the sweat-glands, and the most superficial belongs to 
the derma, with its hair follicles and sebaceous glands. The 
arterioles which supply the fat-tissue are numerous, correspond- 
ing to the large number of capillaries ; those of the sweat-glands 
surround the coils in a basket-like arrangement and empty into 
two or three veinlets, one of which invariably runs upward along 
the duct of the sweat-gland and anastomoses with veins of the 
papillary layer. The artery, after supplying the above-named 
formations, ascends to the papillary layer of the derma, and in 
its course branches into capillaries which go to the hair follicles, 
the sebaceous glands, and the papillse. Before reaching the 
papillse, the arteriole splits into precapillary ramules, from which 
arise the capillaries proper. These form loops which, as a rule, 
are single, but in the largest papill* double, and unite into an 
extended flat reticulum of a venous character. In portions of 
the skin with large papillae there is a double layer of veins, the 
superficial arranged in narrow and elongated meshes, the deeper, 
on the contrary, in wide and more circular ones. These vessels 
give rise to venous branches, uniting at acute angles into larger 
veins, which produce arches and receive the veins of the sweat- 
glands and the fat-lobules. The hair follicles have between the 
two layers of the follicle wide, transversely arranged capillaries, 
which penetrate its inner layer also. In the upper portion of the 
follicle numerous anastomoses exist with the capillaries of the 
papillary layer, and in this situation arise the capillary loops for 
the supply of the sebaceous glands. All these capillaries unite 
into an irregular venous net- work, which is lodged in the exter- 
nal layer of the hair follicle, and anastomoses freely with the 
venous vessels of the papillary layer. The papilla of the hair has 
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its own arteriole, which branches into looped capillaries, empty- 
ing into the common venous reticulum of the hair follicle. The 
vascular district of the papillary layer also furnishes the supply 
for the muscles, the ducts of the sweat-glands, and the larger 
nerves. The muscle-layer of the scrotum only has an independent 
vascular supply. 

(4) LympJi-vessels. Successful injections of the lymphatics of 
the skin with colored liquids have proved that these vessels con- 
stitute a closed reticular system, in two layers, interconnected 
by oblique branches. The superficial layer of capillary lymph- 
atics is situated in the papillary portion of the skin, beneath the 
superficial layer of blood-vessels. It is composed of ramules, 
closer and narrower than those of the deep layer ; from it the 
larger papillae receive blind ofi^shoots or shallow loops. I. Neu- 
mann describes lymphatic reticula around the hair follicles, the 
sebaceous and the sweat glands. The wide lymphatic branches 
which spring from the deep layer are destitute of valves, and 
accompany the arteries producing capillaries twined around the 
arteries. After having received the lymphatics of the subcuta- 
neous tissue they are furnished with valves, and take their course 
in this tissue in large numbers, especially in the flexor aspects of 
the extremities. 

(5) Nerves. The skin is abundantly provided with both medul- 
lated and non-meduUated nerve-fibers, more especially in the palms 
of the hands and the soles of the feet, particularly in the skin cov- 
ering the last phalanges of the fingers and toes. The nerves 
usually penetrate the derma together with the blood-vessels. 
Some of the meduUated nerve-fibers terminate in the subcutane- 
ous tissue as Pacinian corpuscles ; others reach the upper por- 
tions of the derma in bundles, where they produce a plexus. 
From this plexus arise branches for the nervous supply of the 
papillee and the epithelial layer, some of which are meduUated 
and some non-medullated. The meduUated nerve-fibers run to 
the larger papiUge, which, as a rule, are destitute of blood-vessels, 
and terminate as a tactile corpuscle either in the papilla or at its 
base, or even below its level. (See Fig. 233.) 


The corpuscles of Pacini or Vater are ovoid bodies, discernible to the 
naked eye, some of them attaining a longitudinal diameter of two mm. or 
more. According to Grenersieh, they increase in size with advancing age. 
They are attached to meduUated nerve-fibers, and are composed of a number 
of concentric, nucleated layers, more closely arranged at the periphery of the 
corpuscle than toward its center, and freely supplied with capillary vessels 
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of their own. Hoyer discovered, by means of silver-staining, a system of dark 
brown lines, analogous to that in the endothelia. The medullated nerve-fiber 
enters the corpuscle at one pole, and gradually loses its myeline investment, 
while the myeline sheath is lost in the structure of the concentric lamellse. 
The axis-cylinder terminates at the distal pole of the corpuscle as a simple 
knob, or it bifurcates into two branches, each of which may also exhibit a 
terminal knob. Around the axis-cylinder is found a granular layer with nuclei. 
Pacinian corpuscles are most numerous along the nerves of the fingers and 
toes, less numerous in the palmar and plantar surfaces and in the vicinity of 
larger articulations in the subcutaneous tissue of the nipple, penis, and 
clitoris, also along the branches of sympathetic nerves, more especially behind 
the pancreas, in the dura mater, the periosteum, etc. 

The tactile corpuscles (Meissner’s or Wagner’s corpnseles) are 
ovoid bodies, rarely exceeding 200 M in length, and composed of 



Fig. 233 . — Tactile Corpuscles in the Papilla op the 
Skin op the Finger-Tip. 

W, medullated nerve-flLer; T, tactile corpuscle; C, connective-tissue sheath ; pigment- 
layer of the rete mucosum. Magnified 600 diameters. 

spiral fibers with small nuclei. Around them a somewhat denser 
connective-tissue capsule is seen. One or two medullated nerves 
enter the corpuscle at one pole, their myeline sheath being lost in 
the fibrous mass of the corpuscle. The axis-cylinder divides into 
a number of delicate fihrillee, running with the spiral fibers ; 
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their ultimate termination is not known. Sometimes the tactile 
corpuscle exhibits deep furrows, indicating that it is composed of 
several tactile buds (Merkel), or two or more isolated tactile cor- 
puscles are attached to one or two nerves (Oehl, Thin, and 
others). A. R. Robinson* maintains that the nerve does not ter- 
minate in the tactile corpuscle, but passes on into the rete 
mucosum ; the axis-cylinder generally changes the direction of 
its course after leaving the corpuscle, and terminates between 
the epithelia. 

JNon-meduUated nerve fibers are known to terminate in the 
walls of the capillary blood-vessels of the papillary layer 
(Tomsa), and in the rete mucosum (Langerhans, Flemming). 
In the latter situation a delicate beaded reticulum of nerve 
fibrillae can be brought to view, especially by staining with 
chloride of gold, but the question is unsettled whether or not the 
nerves enter the epithelia. Tomsa noticed a delicate reticulum of 
nerves around the coils of the sweat-glands 5 others have described 
such a reticulum in the follicle and the papillae of the hair. 

(6) The Epithelial Cover of the Integument. The outer layers 
of the stratified cutaneous epithelium are squamous, the middle, 
which are the most abundant, cubodial, and the boundary, toward 
the papillae, consists of a single row of columnar epithelia. The 
columnar and cuboidal epithelia are endowed with vital proper- 
ties, of which the flat epithelia are deprived by their transforma- 
tion into a horny material. The living portion of the epithelium 
bears the name of rete mucosum, or rete Malpighii 5 the horny 
portion is the epidermis proper. Between these two layers 
appears a narrow zone of nearly compact glistening epithelia, 
running parallel with the surface ; Oehl has designated this layer 
the stratum lucidum. It is sometimes well marked, especially 
in vertical sections of the skin covering the palms of the 
hands and soles of the feet ; sometimes it is not discernible. At 
other times alternating layers are found, consisting of granular, 
nucleated, and of nearly homogeneous epithelia, destitute of 
nuclei ; but as these formations are not constantly present, we 
are not justified in dividing, as some authors have done, the 
epithelial cover of the integument into four or five distinct 
layers. 

The epithelia nearest the papillary layer are often indis- 
tinctly columnar, and of a diffuse brownish color, holding more 

* “A Manual of Histology,” by Thomas E. Satterthwaite. New-York, 
1881. 
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or less pigment-gTaiiules. In the Caucasian race these are best 
observed in the region of the nipple of the breast, the external 
female genitals, the scrotum, and the anus. In the colored races 
(see Fig. 232) the columnar epithelia co'ntain numerous blackish- 
brown pigment-granules, always scattered around the central 
nucleus, which itself remains uncolored. The pigment-granules, 
by means of delicate filaments, are connected with the bioplasson 
reticulum within the epithelia. Between the columnar, as well 
as the neighboring cuboidal epithelia, the cement-substance is 
invariably traversed by delicate transverse filaments, and con- 
tains a varying number of homogeneous or granular bioplasson 
bodies. These are growing epithelia, wedged between the older 
formations, and interconnected with them by delicate offshoots. 
Some authors have mistaken these lumps for connective tissue 
or wandering cells. 

The epithelia of the rete mucosum are irregularly polyhedral, 
also supplied with a diffuse' coloring matter, and distinctly nucle- 
ated. The cement- substance shows the connecting transverse 
filaments, especially after treatment with chloride of gold. The 
filaments (so-called thorns) are easily discernible in places which 
were subject to a slight, continuous irritation (see page 323, Fig. 
139). The cement-substance in this situation likewise holds 
small, solid lumps of bioplasson, which are best marked and 
most numerous in the localities exhibiting the thorns most 
plainly. In the cement-substance of specimens successfully 
stained with chloride of gold we find the beaded axis-fibrillse. 
Toward the periphery the cuboidal epithelia are slightly flat- 
tened and finely granular, which indicates that the epithelia are 
gradually dying, though the vitality is usually retained by the 
nucleus. There may be layers above the rete mucosum, com- 
posed of flat epithelia, either homogeneous or distinctly nucle- 
ated, and readily stained by carmine, which shows that they 
are endowed with a higher degree of vitality. 

The most external portion is composed of flat, imbricated 
epithelia, which in the vertical section appear spindle-shaped. 
Their horny nature is demonstrated by an irregular contour, by 
the want of granulations, and by the absence of a nucleus. The 
nucleus may be found, however, in the lowest portions of the 
horny layer, though it is often only faintly indicated. The 
properties of life in these epithelia are gradually lost, and are 
entirely absent in the outermost, flattened epidermal scales. We 
know that the epidermal scales desquamate during life, but the 
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question how a new growth of epithelia goes on, replacing the 
lost epidermal scales, is as yet not quite settled. In persons of 
dark complexion the horny epithelia also exhibit a diffuse yel- 
low-brown color. 

(7) Implantation of the Hairs* If we imagine that the connect- 
ive tissue, together with the covering epithelium, were a pliable 
sheet of chamois, for instance, and we produce a depression of 
this sheet with one of our fingers, the result will be a pouch, whose 
innermost layers are epithelial, whose outermost layer is connect- 
ive tissue. The epidermis will cover the inner surface of the 
pouch, and now bear the name inner root-sheath ; next to this 
will be a layer formed by the epithelia of the rete mucosum, 
which will be the outer root-sheath; the outside of the pouch 
must be connective tissue, and will represent the follicle. At the 
bottom of the pouch will be a protrusion of the follicle, similar 
to those on the surface of the skin, therefore connective tissue — 
the papilla of the hair. 

On our diagram slight alterations must be made. The epi- 
dermis, which is composed of a large number of flat epithelia, 
varying greatly according to the width of this layer, upon enter- 
ing the pouch and becoming the inner root-sheath, will gradually 
be reduced to a limited number of horny epithelia — in the middle 
of the pouch to not more than two strata. Near the bottom of 
the pouch the number of the epithelia again increases, the inner 
root-sheath gains in width, and is composed of three or four 
strata of epithelia which have lost their horny character, and 
assume again the nature of bioplasson. The rete mucosum 
enters the pouch in its full width, but gradually becomes thinner, 
— namely, composed of a smaller number of epithelia, which 
retain their original bioplasson character, — and at last, near the 
bottom of the pouch, after being reduced to a single layer, com- 
pletely disappears. 

Imagine, now, that against the bottom of the epithelial pouch, 
which runs in an oblique direction, corresponding with the dis- 
position of the connective-tissue bundles, a pin is pressed and the 
pouch turned upward again. This procedure, of course, will 
involve the inner root-sheath exclusively, and an elongation must 
result of an epidermal character, agreeing with the main features 
of the inner root-sheath. This elongation represents the hair. 

* “A Contriloxitioii to the Minute Anatomy of the Skin.” Read before the 
American Dermatological Association, Newport, R. I., September 1, 1881. 
The Chicago Medical Journal and Examiner, December, 1881. 
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The hair, therefore, is a solid elongation of the hoUotv inner root- 
sheath, and produced hy the inner root-sheath alone. The outer 
root-sheath has nothing to do with the formation of the hair. 
At the bottom of the ponch there is a knob composed of living 
epithelia, resembling those of the inner root-sheath in the same 
situation. This knob is called the hull) of the root of the hair, and 
directly surmounts the papilla of the hair. Higher up the epi- 
thelia again become horny, and enter into the construction of 
the root and the shaft of the hair. 

Imagine, lastly, that, on the side of the acute angle of the 
obliquely implanted pouch, the outer root-sheath, which is, as 



Fig. 234. — Diagram op the Implantation op the Hair. 

E, epidermis ; EM, rete mucosum ; PL, papillary layer ; IS, inner root-slieatli ; 08, outer 
root-slieath ; F, follicle ; P, derma ; M, arreotor pili muscle ; P, papilla of the hair ; B, hulh ; 
C, cuticle ; B, root ; 8, shaft of the hair ; SG, sebaceous gland. 

said before, an offshoot of the rete mucosum, be pushed laterally 
and downward by a pin, the result will be a third elongation, 
produced by the outer root-sheath, a small pouch itself, bearing 
the name sebaceous gland. According to this diagram, the seba- 
ceous gland is an exclusive formation of the outer root-sheath, while 
the inner root-sheath takes no part in tlie formation of the gland. 
(See Fig. 234.) 


THE SKIN. 


565 


The explanation of the diagram is as follows : The epidermis, bulging 
downward, results in the formation of the inner root-sheath, while the rete 
mucosum, prolonged downward, forms the outer root-sheath. 

The bundles of the connective tissue of the derma, which give an outer 
investment to the pouch, composed of both root-sheaths, produce the follicle. 
Its innermost portion exhibits cross-sections of smooth muscle-fibers. 

The papilla of the hair is a product of the follicle. Around the papilla is a 
knob — the bulb of the root of the hair — which continues into the root of the 
hair — that part inclosed in the pouch; and shaft of the hair — that part 

standing forth on the surface of the skin. 

The diagram shows that the inner root-sheath, upon approaching the 
bottom of the pouch, becomes widened, and at the bottom of the pouch turns 
over, thus first producing the bulb, afterward the root, and the shaft of the 
hair itself. The innermost layer of the inner root-sheath, by turning over, 
results in the formation of the cuticle, the single investing layer of both the 
root and the shaft of the hair. 

The fignre demonstrates, furthermore, that the outer root-sheath, upon 
approaching the bottom of the pouch, becomes thinner, and perishes at last, 
while on one side the enter root-sheath produces the pouch of the sebaceous 
gland. Between the outer root-sheath and the follicle there is a homogeneous 
layer — the so-called structureless membrane. The arrector pili mnscle is in 
connection with the muscle-layer of the follicle and surrounds the bottom of 
the sebaceous gland. 

Our diagram serves as a key, which enables us to comprehend 
easily all formations of the skin engaged in the construction of 
the hair. (See Fig. 235.) The pouch, as a rule, has a funnel- 
shaped widening on the surface of the skin, which is covered by 
stratified epidermal scales. These scales are traceable in direct 
union with the inner root-sheath, which begins on the so-called 
neck of the pouch, being composed of two epidermal layers only, 
and, in honor of the discoverer, termed Henle’s sheath. Next to 
the inner root- sheath lies the extremely delicate cuticle of the 
hair, which eiisheathes both the^ root and the shaft of the hair. 
With higher powers we see on each hair finely serrated edges 
— the slightly bulging edges of the cuticle. The hair is com- 
posed of closely packed, horny epidermal spindles, which hold a 
varying amount of pigment granules. The rete mucosum elon- 
gates directly into the outer root-sheath, and this into the seba- 
ceous gland. It is only the duct of this gland which is covered 
by flat, horny epithelia, while the gland, as such, is composed of 
cuboidal epithelia, like any acinous gland. The duct of the seba- 
ceous gland, as a rule, empties into the funnel-shaped widening 
of the pouch, in the space between the inner root- sheath and the 
hair, or, more particularly, its covering cuticle. The outer root- 
sheath is composed of several strata of epithelia, like the rete 
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mucosum itself. The strata are cuboidal epithelia, and it is only 
the layer nearest the derma, or, more properly, the structureless 
membrane, which is formed by columnar epithelium. The inner 
surface of the structureless membrane, again, is covered by 



Fig. 235. — The Upper Portion of the Hair-pouch 
PROM the Human Skin. 

E, epidermis ; SM, rete mucosum ; PL, pai)illary layer ; D, derma ; F, follicle ; M, arrector 
pili muscle ; SG, sebaceous gland ; OS, outer root-sheath ; IS, inner root-sheath ; C, cuticle ; 
R, root of hair. Magnified 150 diameters. 

extremely delicate flat endothelia, as was first demonstrated, by 
the aid of silver-staining, by V. Czerny. These endothelia are 
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directly connected with the adjacent eolnmnar epithelia by very 
marked prickles and thorns. To the presence of these thorns D. 
Haight first drew attention. 

The pouch of the sebaceous gland is under the control of 
the arrector pili muscle, which represents a flat, fan-like sheet, 
whose broad ends terminate in the papillary layer, while the nar- 
row end is inserted in the follicle of the root of the hair. No 
doubt, the evacuation of the sebaceous gland is done by contrac- 
tion of this mnscle-sheet. The fatty mass will be squeezed first 
into the funnel of the hair -pouch, as a rule, and only from large 
sebaceous glands directly to the surface. 

The lower extremity of the hair-ponch, in specimens taken 
from the human skin, is readily understood if we have made a 
study of the hair of animals, especially of those strong hairs on 
the upper lip of kittens. It is, perhaps, for this reason that, after 
many years’ busy writing, not one author has given a plain 
description of the relations. As a matter of course, the essentials 
are identical in the hair of kittens and that of man, though the 
former are, as a rule, plainer than the latter. (See Fig. 236.) 

The inner root-sheath in its upper portion shows the light, 
horny Henle’s layer. In an oblique line there appear polyhedral 
epithelia; in the upper portions pale and finely granular, with 
indistinct nuclei ; deeper down, coarsely granular and slightly 
elongated. This latter part of the inner root-sheath represents 
what has been termed Huxley’s layer. It is seen that at the bot- 
tom of the pouch this layer turns over, surrounds the papilla, 
and constitutes the bulb of the root of the hair. The epithelia 
on the lower periphery of the papilla are columnar, gradually 
changing into the cuboidal form, and farther up become elon- 
gated, spindle-shaped. Lastly, they emerge into the horny 
spindles which produce the main bulk of the hair. The bound- 
ary line between the inner root-sheath and the root of the hair 
is produced by a thin, apparently structureless, layer, outside 
of which is the inner root- sheath, inside the cuticle of the hair. 
The cuticle on the upper portion of the root is composed, as well 
as on the shaft, of thin, imbricated scales, whose edges are slightly 
elevated above the surface of the hair, and give the latter the 
peculiar serrated appearance. Grradually, the epithelia of the 
cuticle of the root assume a columnar shape and become nucleated. 
At the height of the bulb these columnar epithelia are very large, 
pale granular, and supplied with large and distinct nuclei. 
Their characteristic row runs in the middle, between Huxley’s 
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layer and the bulb, and at last blends with the cuboidal epi- 
thelia of both formations. Outside of the euticiilar row there is 
another thin layer of pale, flattened epithelia, which evidently 
corresponds to the innermost structureless layer of the inner root- 
sheath. The middle portion of the bulb is often filled with 



Fig. 236. — The Lower Portion op the Hair-pouch, prom 
THE Lip op a Kitten. 

F, lollicle ; T, transverse sections of connective-tissue l)un(Ues of derma ; M, arrector 
pili muscle; IS, inner root-sheath; OS, outer root-sheath ; P, pai)illa; C, cuticle; R, root of 
hair; II, hyaline, or so-called structureless, membrane. Magnified 300 diameters. 

globular, indifferent, or medullary corpuscles, which hold a vary- 
ing amount of pigment, and fill also the central portion of the 
root, the so-called medullary space, which even in strong hairs 
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may be absent. Tbe upper portion of the outer root-sheath is 
composed of stratified epithelia, the most external layer being 
distinctly columnar. This columnar row is the last one left, as 
the outer root-sheath approaches the region of the bulb, and, 
gradually becoming thinner, is at length entirely lost at the 
height of the bulb, whose formation it does not enter at all. 
The boundary line between the outer and the inner root-sheath 
is marked by the presejice of a so-called structureless or cuticular 
membrane. External to the outer root-sheath we find the follicle, 
a connective-tissue formation, with interspersed circular muscle- 
spindles, connected with those of the arrector pili muscle. Be- 
tween the follicle and the outer root-sheath there is usually a 
broad homogeneous layer, which can be traced around the bulb 
of the root and the papilla of the hair. 

The papilla of the hair is composed of a delicate fibrous or 
myxomatous connective tissue, freely supplied with plastids 
having the appearance of spindle-shaped nuclei, and traversed 
by a number of capillary blood-vessels. The apex of the papilla 
in our specimen is not distinctly separated from the epithelia of 
the hair. The line of demarcation, however, as a rule, is distin- 
guished by the presence of a row of columnar epithelia or by the 
medullary corpuscles. 

Outside of the follicle we find the fibrous connective tissue 
of the derma, built up by longitudinal and transverse bundles. 
At the bottom of the hair follicle, in the human skin, a longitu- 
dinal tract of fibrous connective tissue is often found, which runs 
in the direction of the hair, and carries the blood-vessels (O. 
Wertheim). 

In comparing what I have said about the theory of the forma- 
tion of the hair with specimens of the skin, a satisfactory con- 
gruence will be found. This theory, as I have taught for nearly 
seven years in my laboratory, will explain the fact that upon 
pulling a hair the inner root-sheath is drawn out simultaneously 
with the root. It furthermore explains the process of shedding 
and the new formation of the hair. 

(8) The Hair. As before mentioned, the part of the hair im- 
planted in the skin is called the root, while the portion projecting 
above the surface of the skin bears the name of shaft. Its main 
mass is composed of delicate, flat, nucleated, fusiform epidermal 
scales, which are firmly attached to each other, but may be 
isolated by soaking in dilute acetic acid. The darker the com- 
plexion of the individual, the greater is the amount of granular 
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pigment found both within and between the scales, which, in 
addition, hold a diffuse coloring matter, especially in red hair. 
Grray and blonde hair are without pigment granules. After being 
pulled out the hair shows minute air-bubbles in its substance ; 
but there is no foundation whatever for the belief that the gray 
color of the hair is due to the presence of such air-bubbles. The 
original hue of the hair is caused by the pigm ent stored up in its 
medullary and horny portion, and corresponds to the amount of 
coloring matter present in the rete mucosum of the skin, as 
seen in leukopathia, vitiligo, and in variegated or pied animals. 
Unquestionably, the amount of pigment is closely connected with 



Fig. 237 . — Pouch of the Hair from the Scalp of Man. 
Transverse Section. 


S, root of the hair ; C, cuticle ; IS, inner root-sheath ; S 2 , cuticular layer between the 
two root-sheaths ; 08, outer root-sheath ; 8^, hyaline basement-layer between outer root- 
sheath and follicle ; i^, follicle. Magnified 500 diameters. 


the general nutrition of the skin and under the control of the 
so-called trophic nerves, as proved by the rapid turning gray 
of the hair in exhaustive diseases and after mental emotions. 
The shape of the hair is best studied in transverse sections. Flat 
hair exhibits, as a rule, a circular or oblong section, while in 
curled hair this is elliptical or uniform. (See Fig. 237.) 

Shedding of the Hair. We know through A. Kolliker and 
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C. Langer tliat the young hair is formed around the old papilla. 
We know, besides, that at a certain height above the papilla 
there is a knob-like thickening (Henle), which corresponds to 
the bulb of the falling hair. The fact added by me is that the 
new growth of a hair takes place exclusively within the inner 
root-sheath. The inner root-sheath, below the bulb of the old 
hair, which is fringed by the torn epidermal scales, becomes 
gradually widened. At the bottom of the pouch it turns upon 
itself and produces the bulb, which is composed of medullary, 
or indifferent or embryonal, corpuscles. The boundary between 
the two portions of the inner root-sheath is established by the 
cuticle, which, below the bulb of the old hair, is composed of 



Fig. 238. — Diagram of the Process of Shedding op 
THE Hair. 

F, follicle; M, arrector pill muscle; F, xiapilla of hair; B, hulb of hair; IS, inner root- 
slieatli ; OS, outer root-sheatli ; C, cuticle ; B, root ; OH, old hair still in connection with ( YH) 
the young' hair rowing from the bnlh. 

columnar epithelia. The pigment, where there is any, lies 
exclusively in the central portion of the inner root-sheath, from 
which arises the future hair. The outer root-sheath takes no 
part in the new formation of the hair. The smooth muscles 
of the follicle are evidently concerned in the process, inas- 
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much as through their contraction a narrow neck is estab- 
hshed around the young hair, as first suggested by Biesiadecki. 
(See Fig. 238.) 

The Development of the Hair can be first traced at the end of 
the third month of intrauterine life. The epithehal investment 
of the skin produces a knob-like prolongation downward, while 
later an extension of the connective tissue is formed, which 
lifts the bottom of the epithelial knob, and produces the papilla. 
The epithelia are originally all medullary in character, and from 
the medidlary corpuscles, by elongation and mutual flattening, 



Fig. 239 . — Scalp of Man. Vertical Section. 


-K, root of hair; JS, iuuer root-slieatli ; ON, outer root-sheatli ; G, sehaceous gland ; Z>, duct 
of the sebaceous gland; A, acarus folliculoruni within the duct of the sebaceous gland. 
Magnified 200 diameters. 


arise fhe elements composing the hair in the center of the knob, 
and also the root-sheaths at its peripheral portion. 

(9) The Sebaceous Glands. The acinous sebaceous glands are 
formed from the outer root-sheath of the hair, and are usually 
in close relation to the hair. Sebaceous glands without hair 
are found in the areole around the nipple of the female breast, 
in the glans and the prepuce of the penis, in the nymphae and 


THE SKIN. 


573 


the prepuce of the clitoris. In the palms of the hands and the 
soles of the feet there are no sebaceous glands. 

The relation of the glands to the hair varies greatly accord- 
ing to the size of the latter. The largest sebaceous glands are 
found in the naso-labial folds ; here the fine lanugo hairs are 
subordinate formations, piercing the duct at an acute angle. At 
the extensor surfaces of the extremities and the posterior aspect 
of the trunc the sebaceous glands are elongated ; in the axillae 
they are fiattened. On the scalp they are sometimes small, 
pear-shaped structures, and usually two of them empty into one 
hair-pouch, both being under the control of the same fan-like 
arrector pili muscle (Hesse). (See Fig. 239.) Sometimes, however, 
they attain a considerable size. In horizontal sections of the 



Fig. 240 . — Scalp op Man. Horizontal Section. 

H, root of hair, surrounded by its sheaths ; 8, sebaceous gland ; F, foUicle common to the 
hair-roots and the sebaceous glands. Magnified 200 diameters. 


scalp we find groups composed of roots of hair and sebaceous 
glands, inclosed by the fibrous connective tissue of the derma, 
which sends delicate prolongations between the epithelial forma- 
tions. The numerous acini visible in this situation do not 
correspond to single sebaceous glands, but to their branching 
lower ends. (See Fig. 240.) 

In specimens of sebaceous glands, preserved in a chromic 
acid solution, the acini appear filled with fat, and the lining 
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epithelia are not easily discernible. Treatment with alcohol and 
turpentine brings the nucleated cnboidal epithelia distinctly to 
view, and in such specimens we also recognize that the acinus 
contains several layers of epithelia. In many sebaceous glands 
a parasitic mite is found, the acarus or demodex folliculorum, 
which is harmless, however. 

(10) The sudoriparous glands are composed of a single coiled 
tubule, lying in the deep parts of the skin, usually near or in 
the subcutaneous tissue ; the same tubule produces not only the 
coil, but the duct also, the difference being that the coiled portion 
of the tubule is lined with cnboidal epithelia, and the duct, up 
to the point where it reaches the rete mucosum, with the col- 
umnar variety. If we assume a prolongation of the outer 
epithelial layers into the depths of the derma, the formation of 
the sweat-gland is easily understood. 

The sudoriparous glands are present all over the skin, varying 
in size in different individuals and in different localities; they 
are most numerous in the palms of the hands and the soles of 
the feet ; the largest are found in the axillae and in the neighbor- 
hood of the anus ; they are not found in the glans penis and 
the inner surface of the prepuce. They are all inserted in an 
oblique direction in the derma, corresponding to the general 
arrangement of the connective-tissue bundles. Their orifices on 
the surface of the skin, in the furrows between the papillary 
ledges, are perceptible to the naked eye. The sweat-glands at 
the borders of the eyelids — the so-called glands of Moll — have, 
it is maintained, spiral terminations, instead of coils, and empty 
into the hair-pouch of the cilia. The ceruminal glands of the 
external auditory canal are constructed like sudoriparous glands, 
but secrete an unctions substance, which is commonly called 
ear-wax. . 

By cutting through the coil, transverse, oblique, and longi- 
tudinal sections of the tubule are produced. The lining epithe- 
lium is, in this situation, a cnboidal or short columnar epithelium 
in one layer, attached to a delicate hyaline membrane. In the 
empty condition of the gland the caliber is very narrow, and the 
cement-ledge of the epithelia is plainly marked at the surface 
bounding the caliber. (See Fig. 241.) 

The connective tissue carries a large number of capillaries, 
and produces a capsule surrounding the coil, and prolongations 
passing around the tubule through its whole extent. In the con- 
nective tissue there are seen smooth muscle-fibers, which are very 
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numerous around the sudoriparous glands of the axillae, where 
they form an almost continuous layer, which expands into a flat, 
sheet-like arrangement. 

The diameter of the duct, at its beginning, does not exceed 
that of the tubule within the coil; very soon, however, it becomes 
decidedly broader, and shows a single stratum of columnar epi- 
thelia (not stratifled, as some authors claim) and a wide caliber. 
These conditions are particularly marked in cross sections of the 
duct, such as are often seen in the derma. Delicate bundles of 
connective tissue, arranged longitudinally, accompany the duct ; 
no smooth muscle-flbers are present in them. The duct leads in 
a slightly devious course to a depression between two papillae, 
and in this situation is composed of stratified epithelia, a forma- 



Fig. 241 . — Coil op the Sweat-gland. 

8, tubule lined by cuboldal epithelia ; T, ctuitral caliber of the tubule ; D, beginning of the 
duct; C, connective tissue 'with injected blood-vessels. Magnified 600 diameters. 

tion of the rete mucosum, prolonged to a varying depth of the 
duct. After having reached the epidermal layer, the duct is 
hned by a single layer of flat epithelia, its caliber being consider- 
ably widened, especially at its orifice at the surface of the skin. 
Within the epidermal stratum the duct shows windings which 
are scarcely perceptible in places where the epidermis is thin, 
while in situations where the epidermis is very thick, such as 
the palms of the hands and the soles of the feet, these spiral 
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windings have the characteristic corkscrew-like appearance. (See 
Fig. 242.) 

(11) The nails are flattened, plate-like formations of a horny 
or epidermal character. The skin is elevated along the lateral 
borders of the nail, and produces at the posterior end of the nail 
a broad pouch, termed the matrix, which incloses the root of the 
nail. According to Unna, the matrix proper of the nail is only 
the posterior portion of the derma, commencing with the ante- 
rior curved line of the lunula ; and only the bottom of the fur- 
row serves as a matrix to the anterior portion of the nail. H. 
Hebra does not consider the lunula as a part of the matrix, for it 
is destitute of papillae, and scantily supplied with blood-vessels 



Fig. 242. — Duct of the Sweat-gland within the 
Epithelial Layers of the' Skin. 


BP, papilla ■with injected Llood -vessels ; V, valley between two papiliic; .D, duct in the 
rete mucosum; EE, epidermal layer; PL, coarsely gi'anulated epitlielia, deeply stained with 
carmine; P, duct witli coi'kscrew windings in tlie epidermal layer. Magnified 200 diameters. 

The papillary layer of the skin subjacent to the nail is 
highly developed, the papillae being arranged in parallel rows 
corresponding to the long axes of the fingers and the toes. 
The papillae are shallow in the region of the matrix, but increase 
in size toward the free portion of the nail, especially toward its 
lateral borders. At the inner surface of the lateral ledges, and 
in the depth of the lateral furrow, they are replaced by the pa- 
pillae of the skin. The derma forming the papillae is composed 
of coarse, dense bundles, inclosing a comparatively small number 
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of fat-globules, aud blending with the periosteum of the last 
phalanx. In this situation the vascular supply is strikingly 
large. (See Fig. 243.) 



Fig. 243. — Nail op Finger, Vertical Section, Eectangular 
TO THE Long Axis op the Finger. 

P, papill® with hlood-vessels ; P, rete mucosiim ; V, horny epidermal scales. Magnified 
100 diameters. 

The derma is covered by an epithelial layer, identical with 
that of the rete mucosum, and filling the valleys between the 
papiUas in such a manner that the upper boundary of the rete 
mucosum exhibits only a fluted contour. According to C. Toldt, 
the so-called lunula of the nail, most distinctly marked on the 
nail of the thumb, is caused by a lessened transparency of the 
nail, due to the rete mucosum producing, in this situation, a 
broad layer of a uniform distribution. The rows of the papillse 
are much less developed in the region of the lunula than in the 
rest of the matrix. By scraping with the knife the lower surface 
of the detached nail, the lunula disappears, and the nail becomes 
uniformly transparent. 

The nail substance consists of horny epithelia, of which the 
lower ones exhibit indistinct nuclei, while the outermost resem- 
ble epidermal scales. In the region of the root a gradual tran- 
37 
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sition from the epithelia of the rete mucosnm into the horny 
epithelia takes place. 

In the lateral portions of the nail, where papillm are ab- 
sent, the rete mncosnm of the skin, forming the ledge and the 
furrow, passes into that of the nail through irregular, branch- 
ing prolongations, which exhibit marked layers of epithelia, more 
or less endowed with life. In this situation the papillae of the 
nail are lost, but are replaced by very small and elongated 
papillae, which belong to the skin and stand in an oblique direc- 
tion to the rows of the papillae of the nail. A true transverse 
section through the nail will exhibit within the furrow oblique 
and transverse sections of the slender papillse of the skin. (See 
Fig. 244.) 



Fig. 244. — Implantation op the Nail at its Border. 


P, paxiillae, decreasing in size toward tlie middle line ; R, rete mncosnm, whicli Lroadens 
toward the border of the nail, and forms irregular prolongations, P> ; E, epidermal layer of 
middling consistence ; N, plate of the nail. Magnified 50 diameters. 

The epidermis of the skin produces a pointed prolongation, 
which overlaps the borders of the nail ; this prolongation is most 
clearly marked along the posterior border. 

(12) The lacteal glands are accessory formations of the skin. 
According to C. Langer, who has made careful researches on the 
development, the structure, and involution of the lacteal glands, 
they begin to form in the third month of embryonal life, and in 
the fifth month present radiating tubules, with club-like termina- 
tions. The tubules open into a shallow depression of the skin, the 
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nipple being absent. In the new-born infant the tnbnles branch 
several times, and all of them show clavate termination. The 
ramifications increase in number, in both sexes, up to the twelfth 
year, without the production of acini, the main mass consisting 
of connective tissue, destitute of fat-globules. 

At the time of puberty in girls the mammary gland develops 
into a discoid body, composed of dense, fibrous connective tissue, 
without fat; the radiat- 
ing ramnles exhibit in this 
period acinous termina- 
tions at the periphery of 
the organ, and only here 
is the lobular structni-e 
marked. 

In pregnancy a con- 
siderable development of 
the acinous glands takes 
place, especially toward 
the end, when about 
twenty ducts are found, 
emptying at the point of 
the nipple, and a corre- 
sponding number of lob- 
ules is produced by the 
free ramification of the 
ducts and the formation 
of numerous acini within 
one lobide. The ducts, before emptying, are widened into pear- 
shaped sinuses ; their lining throughout the ramification consists 
of a single layer of columnar epithelium. The acini are lined 
with cuboidal epithelia, and at the beginning of lactation exhibit 
numerous fat-granules, both within the epithelia and the caliber. 
(See Fig. 245.) 

In full lactation the lobules and the acini therein assume the 
largest size ; the epithelia ai-e scarcely perceptible, for most of 
them are transformed into fat, and upon being treated with tur- 
pentine usually show the frame of cement-substance, the nuclei, 
and numerous vacuoles (see page 332). After the period of 
lactation has passed, the acinous structure of the gland re- 
mains, the small acini surround the ducts in regular groups, and 
the connective tissue now contains a large number of fat-glob- 
ules. In the matron a few ducts only are found, lined with 



Fig. 245. — Acini of the Female Breast 
AT THE Beginning op Lactation. 

CE, cuboidal ei)itlielia ; F, fat-globules, both witliin 
the epitlielia and tlie caliber, stained black by osmic 
acid ; GV, connective-tissue frame, witli blood-vessels. 
Maguilied 600 diameters. 
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columnar epithelia, partly filled with minute fat- granules ; acini 
are wanting. 

In male adults the mammary gland exhibits a structure simi- 
lar to that of the new-born infant ; real acini do not exist, even 
though the gland may attain a considerable size. 

The lowest layers of the rete mucosum of the nipple and its 
areole contain pigment granules ; the papillae are very large and 
branching, and have either capillary loops or tactile corpuscles. 
The derma is freely supplied with bundles of smooth muscle- 
fibers in a reticular arrangement; they are twined around the 
lacteal duets in a vertical direction. 

Within the areole the connective tissue of the derma and the 
subcutaneous layer is free from fat. During the latter months 
of pregnancy small granular elevations are found in the areole, 
which are sebaceous glands, emptying at the height of the 
granule. They have been erroneously described as aceessory 
cutaneous lacteal glands. Occasionally they give rise to an 
active glandular new formation, with the production of a 
sebaceous adenoma. 

Inflammation of the SMn.* I have studied the process of inflammation of 
the skin in specimens from a syphilitic papule ; from small-pox ; from an 
ulcerating sac of umbilical rupture in a cat. I have investigated the termina- 
tions of inflammation in specimens of elephantiasis of the scrotum and of the 
labia majora. Inflammation as an accompanying process I have studied in 
the skin of the female breast in mastitis and cancer, and also in the skin 
covering different benign and malignant tumors, or directly involved in 
the formation of such tumors. The results in all these eases being almost 
identical in regard to the essential changes in the tissues of the skin, I can 
confine myself to the description of the inflammatory process in small-pox, 
of which I obtained six different specimens from the Blackwell’s Island Hos- 
pital ; among these were two of haemorrhagic small-pox. 

The coarser microscopical features in the formation of small-pox have been 
accurately studied by Auspitz and Basch. The essential structural changes 
observable with high magnifying powers of the microscope, — 800-1200 
diameters, — and which can be understood only upon the knowledge of the 
normal anatomy of the affected tissues, are as follows : 

First, the epithelial layer, termed rete mucosum, appears slightly thick- 
ened in circumscribed spots ; the swelling is due to a coarse granulation of 
the epithelia themselves. This granulation is produced by an increase of 
living matter within the epithelia, evidently through an augmented afflux of 
nourishing material during the stage of hyperaemia. The points of intersection 
of the net-work of living matter, the so-called granules, become enlarged, 
many of the nuclei are solid and shining, and at the same time the threads 

* “Microscopical Studies on Inflammation of tlie Skin.” A pai)cr I’cad before tlie Ameri- 
can Dermatological Association at tlieir meeting in New-York, August 27, 1879. Published 
in abstract in The Chicago Medical Journal and Examiner, October, 1879. 
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traversing the cement-substance, the formerly so-called “thorns,” become 
thickened. The underlying papillae are slightly enlarged in all diameters, 
partly owing to a dilatation and engorgement of their capillary blood-vessels, 
partly through a peculiar change of the bundles of the connective tissue and 
the bioplasson bodies between them. The latter look slightly enlarged, and 
in many instances coarsely granular ; the former are partly transformed into 
bioplasson. In other words, where before bundles built up by a glue-yielding 
basis-substance were present, the reticulum of the living matter, before hidden 
in the relatively solid basis-substance, becomes visible again through a lique- 
faction or dissolution of this substance. No other proof of the presence of 
an exudation in this stage can be obtained, except the liquefaction of the 
basis-substance. This stage of inflammation is termed ^‘papular.” 

Next, in the middle of the papule, on one or on several spots, the exuda- 
tion makes its appearance ; the outer or epidermal layer at no time partici- 
pates in the morbid process. In some epithelia we notice an enlargement of 
the meshes of the living reticulum ; the latter is first stretched, afterward torn 
apart, the granules being suspended in the liquid exudation. Where epithelia 
were present before, a small, irregular cavity is visible. If several such 
cavities have formed in a papule through a continuously increased accumula- 
tion of the exudation and destruction of the epithelia, the separating layers 
of the epithelia become compressed and produce septa, traversing the cavities. 
Such septa vary greatly both in number and width. The neighboring epithelia 
have a coarsely granular appearance. Many of them have lost the inclosing 
cement-substance, and are thus transformed into clusters, in which, through 
a considerable increase of the living matter, new shining lumps of different 
size appear, which are still in continuity with the neighboring reticulum 
by means of delicate threads — the so-called endogenous formation of new 
elements. The result of this process is the formation of an irregular cavity 
in the middle of the greatly widened rete mucosum, traversed by septa of 
compressed epithelia, and filled with an exudation, in which there are sus- 
pended numerous delicate granules, generally termed coagulated albumen, 
and a varying amount of irregular threads in the form of a felt-work, the 
coagulated fibrine. A few scanty plastids are also suspended in the exu- 
dation, perhaps remnants of the destroyed epithelia, perhaps immigrated 
inflammatory or colorless lalood-corpuscles. 

In this condition of the rete mucosum, the underlying connective tissue 
exhibits considerable changes. The papillte have disappeared, evidently 
through the pressure from above. The transformation of the connective 
tissue into bioplasson has advanced, in some instances, to such a degree that 
the uppermost layers of the derma are replaced by numerous indifferent, or 
medullary, or inflammatory corpuscles, as a rule, clustered together. All 
these elements, however, are in an uninterrupted connection with each other 
through delicate filaments of living matter, fully analogous to those of the 
epithelia, and thus the inflamed tissue, though reduced into its medullary con- 
dition, still represents a tissue. The stage of the disease in which the changes 
just described had taken place is known as the vesicular stage of small-pox. 

Lastly, pus-corpuscles appear in the cavity within the rete mucosum. 
The main mass of these doubtless arise from the epithelia traversing and 
bounding the cavity. Through the increase of living matter in the large num- 
ber of epithelia, shining lumps appear, first homogeneous-looking, afterward 
through the intermediate stage of vacuolation transformed into nucleated plas- 
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tids, with a fully developed reticulum of living matter — the pus-corpuscles. 
The principal sources of pus-corpuscles, therefore, are the epithelia themselves, 
the endogenous formation. (See page 419, fig. 176.) How many of the 
pus-corpuscles appear through an immigration from below, from the inflamed 
connective tissue or from the blood-vessels, nobody can tell. The immigra- 
tion is a sensible hypothesis only, without direct proof or foundation, while 
the endogenous formation can be directly traced in all its stages. The pus- 
corpuscles are coarsely granular, viz. : are supplied with a large amount of 
living matter at the points of intersection of the living reticulum in persons 
of a good, strong constitution; on the contrary, they are finely granular — that 
is, scantily provided with living matter — in persons of a weak, so-called scrofu- 
lous or tuberculous, constitution, or in persons debilitated by any acute or 
chronic disease. In the former instance the pus is thick and yellow, in the 
latter instance watery, serous, and pale. The subjacent connective tissue, as 
a rule, does not advance beyond its reduction into a medullary tissue. In 
some cases, however, the newly appeared and newly formed medullary cor- 
puscles, which produce the infiltration of the derma to a varying depth, are 
also torn asunder, and thus represent pus-corpuscles, which, commingling with 
the pus which has sprung from the epithelia, take part in the formation of the 
abscess. 

This stage of inflammation is known by the tQvm. pustular stage of small-pox, 
and represents the typical termination of the whole process. The pustule 
either bursts or its contents dry and produce the crust. So long as the 
inflamed derma remains in the condition of medullary tissue, so long as 
the medullary or inflammatory elements remain connected with each other, 
the new formation of a ghre-yielding basis-substance in the shape of bundles 
of fibrous connective tissue will be accomplished, without the formation of a 
sear. If, on the contrary, a part of the connective tissue has been trans- 
formed into pus, and thus' comjfletely destroyed, the result will be a cicatrix. 
Mere epithelial suppuration heals without the formation of a scar, while sup- 
puration of the connective tissue always produces a mark. The pigmentation 
of the skin, so common after small-pox, is due to the imbibition of the color- 
ing matter of the red blood-corpuscles ; or by changes of the directly extrava- 
sated red blood-corpuscles, both in the rete mucosum and the derma. Such 
extravasations occur in all severe cases of small-pox — in the highest degree, 
of course, in htemorrhagic small-pox. 

My observations on inflamed portions of skin have led me to the following 
conclusions : 

(1) In epithelium, the first step of the inflammatory process consists in an 
increase of the living matter, both in the plastids and between them ; the 
former produces the coarse granulation of the epithelia, the latter the thick- 
ening of the so-called ‘‘thorns” in the cement-substance. Any particle of 
living matter, both in the epithelia and between them, through a continuous 
growth, may lead to a new formation of the epithelial elements, with termina- 
tion in hyperplasia of epithelium (psoriasis, squamous eczema, horny forma- 
tions, etc.). 

(2) In connective tissue, the first manifestation of the inflammatory 
process is the dissolution of the basis-substance and re-appearance of the 
bioplasson condition ; by this process and the new formation of medullary 
elements, which may start from any particle of living matter, the inflamma- 
tory infiltration is established. The sum total of the inflammatory corpuscles. 
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which remain united with each other by means of delicate offshoots, represents 
an embryonal or medullary tissue. If the new formation of medullary cor- 
puscles be scanty, resolution is accomplished by new formation of the basis- 
substance (erythema, erysipelas, etc.). If, on the contrary, the new formation 
of medullary elements be profuse, a new formation of connective tissue will 
result (hyperplasia, scleroderma, elephantiasis, etc.). 

(3) Plastic (formative) inflammation may be accompanied by the accu- 
mulation of a larger amount of a serous or albuminous exudation in the 
epithelial layer (miliaria, sudamina, herpes), or in the connective tissue of 
the derma (urticaria). In both instances complete resolution will ensue. 

(4) Suppuration in the epithelial layer of the rete mucosum is produced 
by an accumulation of an albuminous or flbrinous exudation, by which a 
number of epithelia are destroyed, and by new formation of pus-corpuscles 
from the living matter of the epithelia themselves. Epithelial suppuration 
heals without the formation of a cicatrix (eczema madidans et pustulosum, 
impetigo, pemphigus, variola). 

(5) Suppuration in the connective tissue of the derma results from the 
breaking apart of the newly formed medullary corpuscles, which, being sus- 
pended in an albuminous or fibrinous exudation, now represent pus-corpus- 
cles. Pus is a product of the inflamed connective tissue itself, and is always 
a result of a destruction of this tissue. Suppuration of the derma invariably 
heals through cicatrization (abscess, furuncle, acne, ecthyma, variola). 

Tumors of the S'kin* (1) Myxomatous or mucoid tumors are composed of a 
delicate fibrous reticubim, the meshes of which contain a jelly-like basis- 
substance and plastids varying greatly in size. They are frequently found 
on the skin as soft, jelly-like, sessile, or pediculated protrusions. They are 
often supplied with a large quantity of blood-vessels, and are then soft 
tumors, of a dark red color, the ‘ ‘ myxo-angioma.” Myxomatous tumors, 
having the structure of the thyroid body and called “lymph-adenoma” or 
“lymphoma,” are very rare. They may occur in the subcutaneous tissue 
of the neck, but have no connection with the thyroid body itself. 

(2) Fibrous tumors in all their varieties (see page 483), and also the com- 
bination of fibrous with myxomatous connective tissue, so called “myxo- 
fibroma,” being, as a rule, scantily supplied with blood-vessels, are common 
tumors of the skin, appearing as hard, sessile nodules and nodes (hard 
fibroma), or as pedunculated tumors, sometimes scattered over the entire 
tegumentary surface (fibroma molluscum) ; as tumors of varying size, and 
softer consistence (soft or myxo-fibroma) ; as pigmented flat elevations of the 
skin (noivi) ; or as scar-like, irregularly branching, sometimes freely vas- 
cularized new formation (Jcdoid). The peculiarity of these entirely benign 
tumors is that after extirpation they sometimes recur, and even the scar, 
after the removal of a fibroma, may assume the features of a keloid. 

(3) Chondroma and (4) Osteoma, do not occur on the skin. 

(5) Myeloma (sarcoma), in its two principal varieties — viz. : globo-mye- 
loma and spindle-myeloma — is of somewhat infrequent occurrence,* in the 
derma it usually appears as fibro-myeloma ; rarely as a pigmented melamtic 
myeloma. Such tumors originate as nodules of the skin, sometimes accom- 
panied with inflammatory symptoms, and their malignancy is proved by their 

* A paper read before the American Dermatological Association, at tlieir meeting in New- 
port, R. I., August 31, 1880. Printed in abstract in “ Archives of Dermatology,” Philadel- 
phia, October, 1880. ’ 
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rapid growth, by a new formation of nodules in the vicinity of the primary 
tumor, and by their recurrence after extirpation. An original myxo-fibroma, 
after repeated extirpation, may gradually assume the features of fibro-mye- 
loma. The vascular supply of myeloma is sometimes scanty, at other times 
abundant. Some of these tumors multiply rapidly all over the skin, especially 
in the siibeutaneous tissue, and some may, after reaching a certain size, dis- 
appear, while new nodules may form in other localities. The melanotic vari- 
ety usually starts in the skin of the hands and the feet, and in a comparatively 
short time invades large portions of the surface of the body, and never admits 
of a cure. After extirpation, maiuy of these tumors recur with great 
obstinacy, in the sear or in its vicinity, and prove more malignant with each 
re-appearance, until at last an operation becomes impossible. The patient 
dies, with symptoms of inanition, from the exhausting waste of living matter 
within the rapidly growing tumor, or from secondary formations in internal 
organs. 

(G) Lipoma is a common type of tumor, occurring in the subcutaneous tis- 
sue, evincing some predilection for the posterior aspect of the body, and 
sometimes appearing as a diffuse accumulation of fat-tissue in the female 
breast. Lipoma combines with myxoma or myxo-fibroma, constituting the 
variety called “cutis pendula,” or “leontiasis,” which sometimes attains 
enormous size. 

■(7) Angioma, in its three varieties, is found in the skin. Simple and lob- 
ular angioma is usually seated in the derma, while the cavernous angioma, 
which is rarer, generally starts in the subcutaneous tissue. These tumors are 
all easily compressed, the blood disappearing, but returning when the pres- 
sure is removed. The dark red or bluish-red color is, as a rule, a marked 
feature, though wanting in the deeply situated cavernous tumors. New for- 
mations of lymph-vessels — the so-called lymph-angioma — occur in the tissue 
of the derma ; the cavernous lymph-angioma is a rare formation in the subcuta- 
neous tissue. 

(8) Myoma has been observed by Virchow and others, usually occurring as 
small, fiat, erectile tumors, in the skin around the nipple and in the scrotum. 
No case has as yet come under my observation. 

(9) Neuromata appear in the skin as nodules, not attaining a large size, 
but characterized by their excessive painfulness. The great majority of these 
tumors are fibrous in structure, starting from the perineurium, and separating 
the medullated nerves. 

(10) I^apilloma is often found on the hands as simple warts ; on the geni- 
tals as condylomata, and in other localities, though rarely, as hairy and loarty 
moles (nmvus verrucosus). The latter variety is congenital, while all other 
warty tumors are acquired, being due to some local irritation. I have seen 
the so-called venereal warts, on the skin of the back, evidently produced by 
transmission of the blennorrhagic secretion ; on the chin — conveyed proba- 
bly by the barber — and on the forehead and eyelids of a child — infected by 
the nurse. A peculiar feature of these tumors is that they are difficult to 
eradicate. Sometimes, in advanced age, they change their nature and become 
cancerous, especially in the face. 

(11) Adewowa appears almost exclusively in the skin as adenoma of the 
sebaceous glands. Adenoma of the sudoriparous glands has been described 
by Verneuil only, and its existence is very doubtful. A variety of acinous 
adenoma, starting from the lacteal glands, is very common in the appendage 
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of the skin, the female breast. In tumors which are either sessile or pedieu- 
lated — moUuscum sebaceum — the racemose sebaceous glands are sometimes 
enormously augmented, while the interposed fibrous connective tissue is con- 
siderably diminished. The epithelium sometimes undergoes a colloid or waxy 
degeneration, producing large, shining, homogeneous, even stratified bodies, 
which were thought to be characteristic of molluscum contafjiosum. 

Cystic tumors are secondary formations of adenoma ; they are filled with a 
serous liquid (serous cyst), with a viscid, colloid, honey-like liquid (meliceris), 
with a soft, fatty, offensive paste (sebaceous cyst), or with a half -dry, viscid, 
slightly rancid mass (dermoid cyst). It is very doubtful whether simple 
obstruction of a duct of a gland will ever give rise to the formation of a cyst, 
unless previous new formation of epithelium be present, the secondary 
changes of which give the characteristic properties to the contents of a cyst. 
Sebaceous cysts, so-called wens, are of frequent occurrence, most commonly in 
the skin of the scalp and of the face ; they are sometimes present in a very 
large number. The sebaceous matter is inspissated and infiltrated with lime- 
salts in cysts termed milium: 

(12) Carcinoma, in all its varieties, — flat, nodular, papillary, and plexiform 
epithelioma, scirrhus, and medullary cancer, — is observed in the skin. It is 
obvious that terms like “alveolar cancer,” “ epithelial cancer,” “plexiform 
cancer,” “epithelioma,” etc., are misnomers, as every cancer is necessarily 
alveolar, and is an epithelioma. We have no reason to confine the name 
‘ ‘ epithelioma ” to cancers of the skin, as in this tissue all varieties occur. 

Flat cancer (so-called “rodent ulcer”) is usually seen in the skin of the 
face, never producing exuberant growths ; but by coptinuous ulceration it 
penetrates into the deeper parts and gradually destroys all the tissues. It is 
the least malignant form of carcinoma, and never produces secondary tumors. 
Nodular cancer (so-called “epithelioma”) is of frequent occurrence in the 
skin, usually starting in localities which have been the seat of a long-con- 
tinued though slight iiTitation. Fapillary cancer (so-called cauliflower 
cancer) is rare, and appears whenever an exuberant growth of circumscribed 
portions of the tumor takes place toward the surface. Scirrhus icad medullary 
carcinoma may grow on any part of the sm'face of the body, more particu- 
larly in the female breast. Melanotic carcinoma is rare. In very rapidly 
growing carcinoma epithelia do not develop, and the tumor remaining in the 
stage of the so-called medullary or inflammatory infiltration exhibits the feat- 
ures of globo-myeloma. This is especially marked in the rapidly growing 
so-called lenticular cancer (cancer a cuirasse) of the skin. 


XV. 


THE DIHESTIVE TRACT. 


T he digestive tract is a continuous canal extending from 
the mouth to the anus, widening into the cavities of the 
mouth, the pharynx, and the stomach. Its walls are composed 
of connective tissue, and either striated or smooth muscle-hhers, 
and lined with epithelium, which is partly stratified and partly 
arranged in a single layer. The beginning and termination of 
the . digestive tract are under the control of voluntary striped 
muscles. The flat muscle-layers keep the canal closed, unless 
solid, liquid, or gaseous material separates its walls and tem- 
porarily makes the caliber patent. All portions of the canal are 
in a high degree extensible. 

The characteristic feature of the mucous membrane covering 
the whole length of the tract are stratified epithelium in the 
walls of the mouth, the pharynx, the oesophagus, and the lowest 
portion of the rectum ; flat epithelium in the wall of the stomach, 
and a single columnar epithelium throughout the intestines. 
Delicate fibrous, and partly myxomatous, connective tissue, 
freely supplied with blood- and lymph-vessels, is found in the 
walls of the oral cavity, forming papillae, which reach their 
highest development in the mucosa of the tongue ; and are also 
present in that of the pharynx and oesophagus. Connective 
tissue also produces the filiform elevations in the small intestine 
and the projections and folds in the large intestine ; besides all 
folds occluding the caliber of the canal when in an empty con- 
dition. The connective tissue surrounds the epithelial prolonga- 
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tions — i. e., acinous mucous glands in the cavity of the mouth, 
the throat, the oesophagus, in the lowest portion of the rectum, 
and in the walls of the duodenum. It also holds the tubular 
pepsine-glaiids of the stomach and the tubular intestinal glands 
in the small and large intestine. The connective tissue forms, 
especially in youth, a layer of lymph-corpuscles, the so-called 
adenoid layer’’ of myxomatous structure, which is permanent 
in the villosities of the small intestine, and accumulates here in 
the solitary follicles and the follicular patches. The mucosa, in 
many portions, has a circular and longitudinal layer of smooth 
muscles of its own ; while the canal is everywhere surrounded 



Pig. 246.— Lip op a Child. Vertical Section. 

H, epidermis ; H, rete inucosum : PP, papillm ; D, derma, with injected hlood-vessels M, 
striped muscle-fibers. Magnified 200 diameters. 

by a circular and longitudinal layer of striated or smooth muscle- 
fibers, with additional oblique layers in the oesophagus and 
stomach. The loose fibrous connective tissue, which unites the 
mucosa to the muscle, is termed the submucous layer, and con- 
tains, besides a varying amount of lymph-corpuscles, larger 
blood- and lymph-vessels and numerous nerves in plexiform 
arrangement, holding scattered or grouped ganglionic elements. 
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In the abdominal cavity, the outermost layer of the digestive 
tract is formed of connective tissne and lined with endothelia — 
the peritoneum. 

The salivary glands, pancreas, and liver — glandular forma- 
tions which aid in the digestive process — are situated along the 
tract, and empty their secretions into its cavities. 

(1) The Oral Cavity. The lips are composed of a dense, inter- 
lacing fibrous connective tissne, of which the lower portions are 
connected with numerous striped muscles, and the upper por- 
tions produce the papilla, sometimes showing bifurcating apices. 



Fig. 247. — Papilla prom the Lip op a Child. 


CE, columnar epithelium, nearest to the conjiective tissue ; CF, connective tissue, crowded 
with plastids ; H, arteriole ; OH, cainllary loops ; F, vein. Magnified 600 diameters. 

and arranged in alternating large and small ones. (See Fig. 
246.) The capillary reticulum of the large papillae is very dense, 
and can be traced in direct connection with arterioles and veins. 
The vermilion color of the lips is due to the large number of 
capillaries. Within the papillae the connective tissue is com- 
posed of delicate fibers, with comparatively numerous plastids, 
which usually have the size and appearance of nuclei. J (See 
Fig. 247.) 
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The epithelium is continuous with that of the skin, and is 
stratified; the surface of the lips, however, appears smooth, 
because the epithelial cover does not follow the curves of the 
papillary elevations. The same peculiarity is found all over the 
oral mucosa. The epithelium sends prolongations into the con- 
nective tissue forming the racemose mucous glands, which, on 
the inner surfaces of the lips, are very large, and visible to the 
naked eye. Similar formations are found in the whole mucosa 
of the oral cavity. 

The mucosa of the oral camty is thickest on the hard palate, 
especially its posterior portion, and intimately connected with 
the subjacent periosteum. Very coarse bundles of fibrous con- 
nective tissue, blending with the periosteum, compose the gums, 
on which large papiUm are also found. In the floor of the oral 
cavity the connective tissue is comparatively loose, and the strat- 
ified epithelial layer thin ; here and on the reduplications of the 
mucosa (frenulum lingum, arcus glosso-palatinus, etc.) the pap- 
illae are imperfectly developed. In the epithelial layer of the 
soft palate and palatine arches bud-like formations are found, 
similar to those of the circumvaUate papillae of the tongue. 
Many papillae contain terminal nerve-buds (Krause’s bulbs), con- 
nected with medullated nerve-fibers. Such structures are found 
in larger numbers on the inner surface of the lips, and on the 
anterior surface of the soft palate. 

(2) The tongue is a bulky mass of striped muscles. Its cover- 
ing mucosa is smooth on the lower surface, while the upper is 
abundantly provided with numerous large papilla?, and in this 
situation the stratified epithelial investment follows the papillary 
curves. Three varieties of papillae are found on the tongue — 
viz. : filiform, fungiform, and circumvaUate. 

(a) The filiform papilUej the most abundant, occur over the 
entire upper and anterior surface of the tongue ; they are long 
and slender (1-2 mm. in length), and composed of connective 
tissue, dividing at the apex into a varying number of thread-like 
offshoots. They are largest in the middle of the upper surface 
of the tongue, especially toward the location of the circumvaUate 
papdlee, while at the point and the lateral borders of the tongue 
they become smaller. In children they are comparatively much 
less developed than in adults. The stratified covering epithelium 
produces hair-like elongations, which are composed of flat, horny 
epithelial bodies corresponding to the projections of the connect- 
ive tissue ; such projections are wanting in children and on the 
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filiform papillm of tlie lateral border. Terminal nerve-bulbs 
have been found at the bases of these papillae. (See Figs. 248 
and 249.) 

fhj The fungiform papillce are semi-globnlar or oblong forma- 
tions scattered between the filiform papillm (usually not exceed- 
ing one mm. in breadth and height), and arising from the level of 
the mucosa with a slightly narrowed neck. Toward their cir- 
cumference the connective tissue produces a number of smaller 
so-called secondary papillae, which are not marked on the outer 
surface of the thin epithelial investment. Sometimes the body of 
the papilla is cylindrical, without a neck, and the epithelium may 
assume features resembling those of the filiform papillae, though 


the prolongations are never numerous, and usually short and 
broad. Such papillm are described as conical. Terminal nerve- 
bulbs are found at the bases of the secondary papillae. 

f c) The circumvallate papillm., situated at the posterior part of 
the upper surface of the tongue, represent cylindrical elevations 
(1-2 mm. in height and 1-3 mm. in width), which are surrounded 
by a wall of the mucosa, and separated from this wall by a fur- 



Fig. 248. — Filiform Papilla op 
THE Tongue op Man. 


Fig. 249. — Fungiform Papil- 
la OF THE Tongue of Man. 


E, layer of liorny epitlielia ; 0, comiect- 
ive tissue wltli iujected Wood-vessels; L, 
lympliatic (adenoid) layer ; M, striped mus- 
cles. Magnified 150 diameters. 


E, epitlielial layer ; O, connective 
tissue -with injected Wood-vessels; L, 
lympliatic (adenoid) layer ; M, striped 
muscles. Magnified 150 diameters. 
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row. The furrow may divide the central papilla into two parts, 
or he very shallow. The secondary papillge are present on the 
upper surface of the central papillae only. The smooth epithelial 
investment in the lateral portions of the papilla, and also of its 
surrounding wall, contains peculiar hud-like formations (Schwalhe, 
Lov^n) — the gustatory buds. (See Fig. 250.) These are com- 
posed, at their periphery, of large, imbricated, so-called covering 
epithelia, while in the center of the hud delicate spindle-shaped, 
so-called gustatory, epithelia are inclosed. Their connection with 
non-medullated nerve-fihers has not as yet heen conclusively 
proved. The apex of the gustatory hud is marked hy a shallow 
depression. The ledges along the lateral borders of the tongue 
are caRed papillce foliatoe, and are composed of a number of coal- 



Fig. 250 .— Ciroumvallate Papilla of the Tongue of Man. 

-B, epitlielial layer ; G, gustatory bud ; C, connective tissue with injected blood-vessels ; M, 
mucous gland with duct. Magnified 150 diameters. 

esced papillary formations of the mucosa, Avith interspersed 
fungiform papillae. In these ledges, which in man are not con- 
stant formations, gustatory buds have also been found. 

The glandular prolongations of the epithelium, covering the 
tongue, are simple acinous and racemose mucous glands, similar 
to those of the mucosa of the oral cavity in general. They are 
large in the neighborhood of the cireumvaUate papillas, and ramify 
between the superficial muscle-bundles ; some of them empty in 
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the furrow of the circumvallate papillae. On the anterior portion 
of the tongue mucous glands* are found only along the lateral 
border, which coalesce into a larger group at the apex of the 
tongue. 

At the posterior portion of the mucosa of the tongue, where 
papillae are not present, a varying number of nodular elevations 
occur, which are lymph-ganglia, and have been erroneously 
termed follicular glands.” They are accumulations of lymph- 
tissue with numerous follicular formations, and in their centers 
usually show a longitudinal cleft, in open communication 
with the outer surface of the tongue. Stratified epithelium 
directly covers the lymph-ganglion, the papillae being imperfectly 
developed on the outer periphery of the ganglion and altogether 
wanting within the cleft. Sometimes the fibrous connective 
tissue produces a distinct capsule around the ganglion. Dif- 
fused layers of lymph-tissue immediately above the muscle of the 
tongue are also observed, especially in children. 

The muscle-fibers of the tongue are of the striped variety; 
they interlace in different directions and produce a dense felt- 
work, are attached to the fibrous septum in the longitudinal 
median line of the tongue, and freely ramify upon approaching 
the mucous layer, with which they blend. The perimysium con- 
tains a varying number of fat-globules, chiefly in the posterior 
portions of the tongue. 

The blood- and lymph-vessels are numerous. The latter, 
according to Teichmann, produce two plexiform extensions, the 
upper and finer of which lies close beneath the papilla, receiving 
the usually single lymph-ramules from the filiform papillae and 
the plexuses from the fungiform and circumvallate papillae. Rich 
plexuses of lymphatics surround the lymph- ganglia. 

(3) In the pharynx and cesophagus the structure of the mucosa 
resembles that of the oral cavity — i. e., it has small papillae, not 
distinctly marked on the epithelial surface. The latter is strati- 
fied and produces small acinous mucous glands, which are more 
numerous in the throat than in the oesophagus. In the lower half 
of the oesophagus they are absent, except in the portion immedi- 
ately above the cardiac .orifice of the stomach (Kolliker). The 
stratified epithelial investment in the neighborhood of the choanae 
blends with the ciliated columnar epithelia of the nasal cavities. 

The lymph-tissue is a widely spread formation in the mucosa 
of the pharynx; besides, a large amount is stored up in the 
two lymph-ganglia, the tonsils, which are situated in the niches 
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"between the giosso-]3alateal and pharyngo-palateal folds. The 
tonsils vary greatly in size. ; sometimes the lymph-follicles which 
build them np are scanty, at ofher times numerous. From the 
covering mucosa a number of depressions are formed, similar 
to those of the lymph-follicles on the base of the tongue. These 
depressions in the tonsil may have several lateral elongations 
uniting with a central cleft, the so-called crypts of the tonsil. In 
the cavities a viscid, cheesy mass is often formed, which is not 
infrequently the seat of a calcareous deposition. The mass 
proves upon examination to be composed of leptothrix (E. Grim- 
ing), a fungus which is a normal occurrence in all furrows of the 
oral cavity, especially those between the gums and the teeth. In 
the mucosa covering the tonsils, acinous mucous glands are 
present. Hyperplastic tonsils do not histologically differ from 
normal lymph-ganglia, with numerous follicles. 

In various situations in the wall of the pharynx lymph-tissue 
is found, and on the roof the aggregation of this tissue bears the 
superfluous name of the pharyngeal tonsd. 

The (Esophagus in rest appears completely closed by large folds 
of the mucosa, which is composed of a loose fibrous connective 
tissue, and admits of a high degree of extension. Along the 
epithelial cover it shows numerous small papillas, but which are 
not marked on the surface of the stratified epithelium. The vas- 
cular supply is very abundant in the layers, directly below the 
epithelium, but scanty in the portion near the muscle. The 
muscle in the upper half or two-thirds of the oesophagus is of the 
striated variety, composed of at least two layers, an outer longi- 
tudinal and an inner circular, and in some places near the mucosa 
a second longitudinal or oblique layer is often found. In the 
oesophagus of the rabbit this is a constant formation. (See Fig. 
251.) In the lower portions of the oesophagus a gradual transition 
of the striated into smooth muscle-fibers takes place. In the pos- 
terior wall, according to Treitz, the striped muscles extend down 
more deeply than in the anterior, and bundles of these muscles 
terminate in tendinous formations, "which blend with the external 
fibrous investment. The mucosa of the oesophagus has also 
independent bundles of smooth muscle-fibers, which are scanty in 
its upper portions, but form a continuous layer in the thoracic 
portion (Toldt). 

(4) The Stomach. The mucous layer of the stomach is marked 
by an abundant glandular apparatus, the so-called gastric tubules 
or pepsine glands. This mucosa, owing to its attachment to the 
38 
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muscle-layers, is capable of producing very large folds, which 
are arranged longitudinally from the cardia to the pylorus, and 
are least marked in the latter situation. When the stomach 
is empty, the folds of the mucosa completely occlude the 
cavity. The covering surface epithelium of the stomach is indis- 
tinctly stratified; the innermost flat, horny layer and the col- 
umnar layer are well marked, while the middle layers of cuboidal 
epitheha are often wanting. The difficulty of obtaining for 
examination the unchanged gastric mucosa of man is, perhaps, the 
reason why the presence of flat, horny epithelia has been over- 
looked. The columnar epithelium gradually loses its character. 



Fig. 251. — CEsophagus op a Rabbit. Transverse Section. 

E, liorny layei' ; B, rete muoosum ; C, layer of columnar epithelia ; M, loose connective 
tissue, with injected hlood- vessels ; T, circular layer of sti'iped muscles, witli the adjacent 
ol)liq,ue and longitudinal layers, L, L h Magnified 160 diameters. 

and is transformed into the cnboidal epithelium of the gastric 
glands. 

The majority of the gastric glands are of the simple tubular 
variety, though it often happens that two or more tubules empty 
into a common tube of larger caliber, opening at the inner surface 
of the mucosa. In the stomach of man, in the middle portions of 
the mucosa, branching tubular glands are said to occur (KoUiker). 
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Such an appearance is sometimes prodnced by tubules which run 
obliquely or in a winding course, which in vertical sections seem 
to inosculate with the perpendicular tubules. The gastric glands 
are lined with euboidal epithelium, with interspersed formations 
of large, pale, finely granular epithelia, to the presence of which 
R. Heidenhain and A. Rollet drew attention. The Greek denom- 
inations given to them by the last-named observer are super- 
fiuous in the face of the fact that the difference in the appearance 
of the epithelia is due simply to 
the process of secretion. The 
coarsely granular, indistinctly nu- 
cleated, epithelia are for the time 
being not engaged in the produc- 
tion of the mucous secretion 
termed pepsine; while the large, 
pale, distinctly nucleated epithe- 
lia are laden with it. Pepsine 
consists, in part, at least, of trans- 
formed living matter of the epi- 
thelia. By an accumulation of 
liquid the bioplasson reticulum is 
at first stretched, afterward torn, 
and large portions of the bioplas- 
son perish in the formation of 
pepsine. By the> rupture of the 
cement investment, the secretion 
is discharged into the caliber of 
the tubule. As the glandular epi- 
thelium forms only one layer, the 
swelled epithelia bound the caliber 
in the same manner as the ordi- 
nary euboidal ones, and it is only 
in a surface section of the tubule 
that the swelled epithelia appear 
near the basement layer of the connective tissue, as if covered 
by coarsely granular euboidal epithelia. These relations are most 
definitely marked in places where the same tubule is, owing to its 
winding course, seen in longitudinal and transverse directions. 
(See Pig. 252.) 

The secretion of the tubular glands — the gastric juice — owes 
its acidity to the presence of a small quantity of hydrochloric 
acid. This reaction is obviously induced through the agency of 



Fig. 252. — Gastric Glands prom 
THE Stomach of Man. Verti- 
cal Section. 


Zi, tubule in a longitudinal ; T, tubule 
in a transverse section, lined by euboidal 
eiutlielia; F, epitlielia laden witli pei)sine. 
Magnified 800 diameters. 
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the epithelia themselves, which obtain their material from the 
alkaline blood. It should be borne in mind that gastric juice is 
a product of living matter, and as such is beyond the reach of 
chemical analysis. Chemists have tried in vain, so far, to 
explain the production of gastric juice by complicated formulae 
and ingenious calculations. The large number of Greek names 
given to the artificial products in the chemist’s retorts sufficiently 
proves their want of knowledge in this matter. The solution of 

the puzzle, why the acid gastric 
'F juice does not digest the wall of 
the stomach itself, has also oc- 
cupied speculative minds to a 
considerable extent, but no sat- 
isfactory answer has as yet been 
obtained. 

The delicate fibrous connec- 
tive tissue between the tubular 
glands forms a basement layer, 
which furnishes support for the 
epithelia, and carries the blood- 
vessels, which are very numer- 
ous in the mucosa of the stom- 
ach. The vascular plexus woven 
around the tubules is extremely 
dense, and near the surface of 
the mucosa composed of wide 
^ capillaries. (See Fig. 253.) 

In transverse sections of the 
pepsine glands, in which the 
central calibers of the tubules 
are best marked, the vascular 
plexus is seen surrounding the 
tubules, and, if injected with 
colored gelatine, many of the 
capillaries appear to be almost 
in contact with the base of the 
epithelial wreath. In such sections the relation between the 
empty and the laden epithelia is also marked ; in the portion 
nearest the central caliber the latter are partly overlapped by 
the former. (See Fig. 254.) 

The tubular formations toward the pylorus have been de- 
scribed as being mucous glands, without any decided anatomical 



Fig. 253. — Mucosa of the Stomach 
OP A Eabbit. Vertical Section. 

F, layer of homy epitlielia; F, cuhoidal 
epithelia ; P, epithelia laden with pepsine. 
The delicate connective tissue between the 
tubular glands containing injected blood- 
vessels; A, artery: W, veins; M, smooth 
muscle-layer of the mucosa. Magnified 300 
diameters. 
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proof 5 here acinous mucous glands begin to appear, blending 
with those of the duodenum. 

The connective tissue of the mucosa of the stomach, especially 
in children, is composed largely of the myxomatous variety and 
abundantly supplied with lymph-corpuscles. Both in the fundus 
and the pyloric portion of the stomach of man lymph-tissue 
appears as follicles and groups of follicles, which by mistake 
have been termed lenticular glands.” Their number, however, 
varies greatly, and in the localities where they exist pepsine 
glands are not found. 

The mucosa of the stomach has a nearly continuous layer of 
smooth muscle-fibers, composed of circular and longitudinal 
bundles ; the circular fibers send pro- 
longations between the tubular glands. 

The muscle-layers of the stomach 
proper are of considerable width, and p 
principally arranged in two layers — 
an inner circular and an outer Ion- ^ 
gitudinal ; the bundles of both being 
freely interlaced with oblique bundles. 

The circular layer produces the sphinc- 
ter-muscle of the pylorus. 

(5) The Small Intestine. In trans- 
verse sections of the small intestine 
the layers constituting its wall appear 
as follows : (a) the mucosa, producing 
reduplications above the level of the 
inner surface, the villi, and reduplica- 
tions below the level of the inner sur- 
face, the tubular intestinal glands ; fhj 
the submucous layer, holding circular soo diam- 

and longitudinal layers of smooth 

muscle-fibers, and a varying amount of lymph-tissue (the so- 
called adenoid tissue); (c) the muscle of the intestine proper, 
composed of a broad circular and a narrow longitudinal layer of 
smooth muscle-fibers; and (cl) the covering (See 



Fig. 254 . — Mucosa of the 
Stomach of a Eabbit. 
Horizontal Section. 

E, cuboidal epitlielia of tlie tubular 
glands; -P, epitlielia laden -vvitli pep- ^ 
sine ; C, connective tissue between 
the tubules, containing injected 


Fig. 255.) 

The villi are reduplications of the mucosa, of a conical or cyl- 
indrical shape, very long and narrow in portions where the mus- 
cle of the intestine is contracted; broad and short, on the 
contrary, where the muscle of the intestine is extended. In the 
highest degrees of distension (by gaseous material) the inner 
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surface of the mucosa is smooth, and no vilh are perceptible. 
Each villus comprises the following layers: (a) a covering col- 
umnar epithelium ; (h Jmyxoma- 
tous connective tissue, forming 
the central portion of the villus ; 
in this are imbedded (c ) delicate 
longitudinal (Briicke) andf^‘fl?«s- 
verse (Moleschott) bundles of 
smooth muscle-fibers ; fdj Sb 
rich plexus of capillarg Mood- 
vessels, and (ej 2 b central lymph 
or chyliferous vessel. 

The epithelium is of the 
columnar variety, with numer- 
ous wedges or intercalated for- 
mations between the conical or 
cylindrical bodies. These are 
separated from each other by 
an envelope of cement-sub- 
stance, which is traversed by 
connecting filaments (see page 
130, Fig. 44). The cement- 
substance is well developed on 
the free surface of the epithe- 
lia, producing the so-called 
“basal seam” of authors. This 
seam consists of a thin and ho- 
mogeneous layer of cement- 
substance, studded with a 
number of short, delicate rods, 
which are plainly visible only 
when, by imbibition of a liquid, 
the epithelium is slightly swell- 
ed. To the presence of these 
rods Brettauer and Steinach 
first drew attention, while Koll- 
iker and Funke considered the 
vertical striation of the basal 
seam to be minute pore-canals. 
According to the difference of 
conception as to the structure 
of the seam, some physiologists claim that the finest fat-granules. 


Fig. 255 . — Small Intestine ofaDog. 
Transverse Section. Blood-ves- 
sels Injected. 

V, villi; G, tubular iutestinal glauds; M, 
longitudinal muscle-layer of tlie mucosa; A, 
lymphatic (adenoid) or submucous layer; JR, 
circular muscle of the intestine, cut longitudi- 
nally; L, longitudinal muscle of the intestine, 
cut transversely ; F, peritoneum. Magnified 
25 diameters. 
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during the process of absorption, are taken into the epithelia 
between the rods, while others maintain that the rods themselves 
take up the fat-granules. Above the columnar epithelia flat 
endothelial formations have been described, constituting the 
outermost investment of the connective tissue (Watney, Krause, 
Debove). 

The manner in which liquids are taken up into the blood- and 
lymph-vessels of the villus is by the active participation of the 
columnar epithelia (Spina). During absorption, especially shortly 
after fatty food has been eaten, the interior of the villi and also of 



Fig. 256 . — Villus from the Small Intestine op a Cat. 
Vertical Section. [Published in 1 - 868 .] 

M, myxomatotis (so-called adenoid) tissue; in its center the lymph-vessel, hounded hy 
smooth muscle-fibers and filled with fat-granules ; F, cleft between the columnar oiJithelia, in 
connection with the central lymph- vessel. Magnified 800 diameters. 

the covering epithelium is found to contain a large quantity of fat- 
granules of different sizes, and the conclusion arrived at by Glruby 
and Delafond was that the fat-granules were first taken up by 
the epithelia, which convey them into the interior of the villus. 
Since that time, most of the physiologists have attempted to 
explain the absorption of fat from the basal surface of the epi- 
thelia; but the whole process is as yet an unsolved puzzle. We 
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could understand the penetration of fat-granules between or into 
the rods, but how the horny and apparently solid layer of cement- 
substance, serving as a base for the implantation of the rods, 
could be penetrated by fat-granules is not intelligible. 

In 1868 I published the results of my researches during a 
whole year (1. c., see page 401). I drew attention to the fact that 
in specimens of uninjured vilh, independently of furrows pro- 
duced by contraction, the apices look as if split, often giving exit 
to a mucous mass, or a portion of myxomatous tissue of the vil- 
lus, and that in true vertical sections of the villi there are gaps 
seen between the epithelia which are in direct connection with 



Fig. 257. — ViLLTJS prom the Small Intestine op a G-uinea-pig. 

Fresh Specimen. [Published in 18G8.] 

V, vacuole in the columnar epithelium ; CV, granular (chlorophyll?) corpuscle in a vacu- 
ole; C, granular (chlorophyll?) corpuscles in the myxomatous tissue; -B, capillary hlood-ves- 
sel. Magnified 800 diameters. 

the central lymph-vessel, as proved, especially when both are 
filled with fat-granules. (See Fig. 256.) Whenever colored liq- 
uids are injected into the lymphatics of the small intestine 
(before injecting the blood-vessels), it has long been known that 
the colored mass escapes through the apices of the villi into the 
intestinal canal. I have examined the small intestines of sixty- 
eight guinea-pigs, and found, in a large majority of the villi of 
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these animals, peculiar granular bodies, usually accumulated 
along the apices, but occurring also in the vacuoles of the epi- 
thelia, or in goblet-like formations produced by the epithelia. A 
few guinea-pigs which I examined in New- York exhibited the 
same formations — formations that do not occur in the intes- 
tines of other herbivorous animals I had examined. These are 
clusters composed of a pale granular mass, containing a num- 
ber of green or greenish-yellow granules, with a high degree of 
refraction ; I also found isolated granules of various sizes, (See 
Fig. 257.) 

The differences in the nnmber, the color, and appearance of these bodies 
were fonnd to vary according to the following conditions : Embryos of 
gninea-pigs, examined a few days before birth, had no corpuscles in their 
villi. Newly born guinea-pigs, one to two hours after birth, showed no cor- 
puscles ,' but sixteen to twenty-four hours after birth, the animals being fed 
with oats, the villi showed a number of yellowish-green bodies, with fine 
granules. All the animals of a more advanced age exhibited the green cor- 
puscles in the villi. The color was evidently dependent on the vegetable 
food. After feeding with fresh blades of grass a light chlorophyll-green was 
seen, and a light, pure yellow color appeared after feeding with the flowers of 
leontodon taraxacum; a dim yellowish-green was observed after a continued 
administration of vegetables. When the stomach remained filled with food 
the contents, from the cardia toward the pylorus, showed all shades of green 
to yellow-green ; this green shade reinained for a month or a month and a 
half after the fresh vegetable diet had been stopped and amylaceous food had 
been exclusively administered. A light yellow-green color was mainly 
observed in autumn and after feeding with straw. If blue aniline was mixed 
with the food the grannies assumed a dark bluish-green. After administra- 
tion of starchy food for one and a half to two months, the grannies were col- 
orless and the animals died, evidently from starvation; it was only under 
these conditions that the stomach was found empty. The granules were 
largest after feeding with the young leaves of plants, and smallest after 
administration of dry vegetable food or oats. The age of the animals had no 
influence upon the color and shape of the granules. In two instances I found 
such grannies in mesenteric ganglia also. 

Unquestionably the grannies are chlorophyll grannies, and 
their coloring matter is chlorophyll ; for it can be extracted with 
alcohol, and assumes a yellowish-brown color when preserved in 
chromic acid. Very probably these bodies are vegetable bio- 
plasson, having left the shell of cellulose. But in what way did 
they penetrate into the stroma or central lymph-vessel of the 
villus ? 

In gninea-pigs several hours old I fonnd villi containing three 
or four corpuscles in their axes, the uppermost of which was 
located in a crateriform depression in the middle of the apex. Not 
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infrequently the central canal contained only a row of these 
corpuscles, as proved hy vertical sections through villi, in speci- 
mens hardened in a solution of chromic acid. Sometimes in fresh 
specimens the green bodies were seen, as if incarcerated at the 
apex in an intra-epithelial canal. By gentle pressure on the 
covering-glass some of the bodies could be forced out from 
the apex (see Fig. 258). From these phenomena in the small 



Fig. 268. — Villus from the Small Intestine of a Guinea-pig. 

Fresh Specimen. [Published in 1868.] 

U, granular (cliloroplijTl ?) corpuscle, forced out from tlie interior of tlie villus; 0, such 
corpuscles filling the cleft hetvveen the columnar ei)ithelia ; J3, capillary hlood- vessel. Mag 
nilied 800 diameters. 

intestine of guinea-pigs, from anatomical facts, and a number of 
successful experiments in bringing extraneous matters (carmine 
and aniline granules) into the lymph-vessel of the villus from 
without, it would follow that the apex of the villus^ has in its 
epithelial investment one or two perforations in direct connec- 
tion with the central lymph- vessel, which serves to take up solid 
material, mainly fat-granules. J. Nath. Lieberkiihn, in 1745, 
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described “ ampuUge ” in the villi^ which, by some physiologists, 
were considered to be widenings of the chyliferous vessel at the 
base of the villus. J have made the presence of siich openings cer- 
tainly probable, even tho^igh positive proofs of their existence are 
still wanting. 

Along the epithelial investment of the villi goblet-like forma- 
tions are often seen, more numerous in animals having an in- 
creased mucous discharge from the intestine — i. e., diarrhoea. In 
1868 I maintained that these formations were the shells of cement- 
substance, after the contents — the mucus — had been emptied 
out. This theory was contrary to the ideas of some observers, who 
claimed that the goblets had been artificially produced, or were 
specific secretory organs. Bonders and Kolliker had, previously 
to the publication of my views, described these formations as con- 
nected with the secretion of mucus, and this idea proved to be 
correct. 

The epithelial investment of the mucosa of the intestine forms 
tubular glands, the intestinal glands or so-called crypts of Lieber- 
JcUhn, which are located beneath the level of the mucosa, and, 
being more numerous than the villi, empty by minute openings 
around the base of the villus. Their lining epithelium is col- 
umnar, exhibiting the same basal seams as those covering the 
villi. The intestinal glands are absent in localities where lymph- 
follicles are imbedded in the mucosa. 

The mucosa of the duodenum, chiefiy in its upper third, holds 
racemose glands, which are situated below the level of the lower 
extremities of the intestinal glands ; these are called Brunner’s 
glands, and their secretion is considered to be mucus. In the 
descending portion of the duodenum they gradually become 
scantier, and especially so below the openings of the bile-duct. 

The mucosa of the small intestine is supplied with a double 
layer of smooth muscle-fibers, independent of the muscle-layers of 
the intestine itself. The innermost is circular, running between 
the tubules and penetrating through vertical prolongations the 
myxomatous structure of the villi, where several delicate bundles 
are formed by it ; the outer muscle-layer is longitudinal, being 
in most localities decidedly broader than the circular layer. 
Transverse sections of portions of the small intestines, hardened 
by having been placed in a solution of chromic acid immediately 
after the animal’s death, plainly show that where the muscle of 
the intestine is broad, consequently contracted, and the caliber 
of the intestine narrow, the viUi are elongated and thread-like or 
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cylindrical in shape ; while, where the muscle is extended, the villi 
are seen as conical or blunt elevations. The villi corresponding 
to the place of attachment of the mesentery are always the 
smallest, those on the opposite surface the largest. The lobate 
form of the short conical villi is due to the contraction of the 
bundles of smooth muscle-fibers contained in the myxomatous 
stroma of the villus, as first intimated by Briicke. In 1868 I con- 
cluded, therefore, that the shape of the viUi of the intestine is not 
fixed, but varies between that of a cylinder and that of a cone, 
depending on the contraction or extension of the intestinal tube, 
the peristaltic motion thus producing a continuous change. I also 
concluded that the muscle-layers of the intestine proper are 
antagonistic in their action to the muscle-layers of the mucosa ; 
in other words, when the muscle of the intestine is in the highest 
degree of contraction, the muscles of the villi, being prolongations 
of the muscle of the mucosa, are extended, and vice versa. An 
extended villus has a smooth surface ; the lobation begins as the 
villus changes its shape from the cylindrical to the conical. In 
the extended condition of the villi, — i. e., when the muscle of the 
intestine is contracted, — the presumed openings at the apices of the 
villi are gaping and ready to absorb the fat which is present as an 
emulsion in the considerably narrowed caliber of the intestine, 
and reduced to extremely small granules, perhaps, by the me- 
chanical action of the rods of the basal seam of the epithelia. As 
soon as the contraction of the muscle of the intestine ceases, the 
contraction of the muscle of the mucosa sets in, the villi become 
retraeted, and the openings at their apices closed. By this proc- 
ess the absorbed fat will be carried backward into the lymphatic 
or chyliferous system. Probably there is also an antagonism 
between the circular and longitudinal layers, both of the mucosa 
and the intestine. 

The mucosa of the intestine immediately above the muscle 
is abundantly supplied with lymph (so-called adenoid) tissue, 
which produces a continuous layer and is accumulated in the 
solitary follicles and in groups of the aggregated follicles — the 
so-called Peyer’s patches. E. Briicke first drew attention to the 
lymphatic nature of these formations. The solitary follicles 
appear to the naked eye as flattened protrusions above the level 
of the mucosa, or as bare spots, or even as shallow depressions. 
The columnar epithelium covering the surface of the follicle is 
shorter than the epithelium covering the villi. Villi are wanting 
in those parts of the mucosa which are furnished with solitary 
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follicles and patches; the tubular intestinal glands within the 
territory of a follicle may be either absent or present only in 
small numbers. In the contracted portions of the intestine, the 
follicle, protruding as a conical elevation, is overlapped by the 
surrounding villi ; while in the extended portions the follicle is 
flattened and the vdli stand at a certain distance around it. The 
longitudinal layer of the muscle of the mucosa is perforated, cor- 
responding with the extent of the follicle, and surrounds its per- 
iphery. (See Fig. 259.) 



Tig. 259. — Small Intestine of a Rabbit. Vertical Section in 
THE Longitudinal Axis. Lymph-vessels Injected. 

V, villi ; MM, loiigitudin.al niiiscle-layer of the mucosa ; F, lyjniih-follicle ; M, fibrous con- 
nective tissue ; T, circular muscle of tlie intestine, in transverse section ; L, lougitiulinal 
muscle of tlie intestine, in longitudinal section ; P, peritoneum. Magnified 26 diameters. 

(6) The large intestine is similar in structure to the small, but 
destitute of vdli ; its mucosa, being of a myxomatous character, 
shows elevations and folds arranged in a circular direction. The 
tubular intestinal glands are larger than in the small intestine. 
The lymph-tissue is either distributed uniformly in the submu- 
cous layers, or is accumulated in the follicles, which are, it is 
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maintained, in no way connected with the chyliferons vessels. 
The submncons portion of the vermiform appendage has a very 
broad layer of lymph-tissue. While the muscle of the small intes- 
tine is almost uniformly distributed throughout the tube, and the 
circular always shows greater development than the longitudinal; 
in the large intestine, on the contrary, the outermost longitu- 
dinal muscle-layer is imperfectly developed, but in certain places, 
called Renice., accumulates in ribbons. At the point of the junc- 
tion of the ileum and coecum the circular muscle-layer enters 
the formation of the valvula Bauhini, while the longitudinal 
layer directly passes from the small to the large intestine. 



Tig. 260. — Rectum of a Dog. Vertical Section 
IN THE Longitudinal Axis. 

F, columnar epitliolium ; A, acinous mucous glands ; MM, longitudinal muscle-layer of 
tlie mucosa ; O, submucous fibrous connective tissue ; MI, circular muscle of the intestine, in 
transverse section. Magnified 300 diameters. 

The mucosa of the rectum exhibits reduplications like that of 
the large intestine, and is, in its lower portions, supplied with a 
•varying number of racemose glands, especially well developed in 
the rectum of the dog. (See Fig. 260.) The internal sphincter is 
constituted by an aggregation of the smooth circular muscle- 
fibers, while the external sphincter is composed of striated mus- 
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cle-fibers in a circular and plexiform arrangement. Both circular 
and longitudinal layers are uniformly distributed throughout 
the wall of the rectum, attaining their greatest width near the 
anus. The transition of smooth to striped muscle-fibers is 
gradual. 

Blood-vessels of the Intestines. According to C. Toldt, the dis- 
tribution of the blood-vessels in the intestines closely resembles 
that of the stomach, their arrangement being nearly identical in 
the stomach and the large intestine. The arterioles send branches 
to the peritoneum and pierce the longitudinal muscle-layer, be- 
tween which a further division takes place by the formation of 
elongated capillary meshes, for the supply of the two muscle- 
layers of the intestine proper. After having perforated the 
circular muscle, — always, of course, in the external perimysium 
which separates the larger muscle-bundles, — the arterioles reach 
the submucous layer, producing, by repeated bifurcations and 
anastomoses, an extended vascular plexus. Finally, the arteri- 
oles penetrate the longitudinal muscle-layer of the mucosa and 
form the terminal arterial plexuses extended beneath the tubular 
glands, from which arise the terminal arterioles for the supply of 
the uppermost portions of the mucosa. In the stomach and the 
large intestine the capillaries are woven around the tubular 
glands, and widen beneath the surface epithelium to double their 
original diameters in circular loops around the openings of the 
tubules. From these superficial capillaries arise the veins, which, 
at regular intervals, pass downward between the glands and 
empty into venous plexuses within the mucosa. The efferent 
veins arising from this plexus accompany the arteries downward. 
In the small intestine the arterioles penetrate the myxomatous 
tissue of the villi; each villus contains one or two arterioles, 
which branch very freely into capillaries. The latter are in con- 
nection with the capillaries of the tubular 'glands. The veins 
originate at the apices of the villi from slightly widened capillar- 
ies. (See Fig, 255.) In the duodenum the acinous glands are 
supplied with capillaries of their own, and so are all lymph- 
follicles of the small and large intestine. 

The lymiRi-vessels of the intestines produce a separate capillary 
plexus for the muscle-layers and for the mucosa. The former 
was first described by Auerbach, who found that the lymphatics 
collect into the so-called interlaminar lymphatic reticulum, lo- 
cated between the longitudinal and circular muscle-layers. Flat 
plexiform extensions of lymphatics exist in the submucous layer 
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beneath, and in the mncons layer above, the longitudinal mnscle 
of the mncosa, the latter plexus being situated at the bottom of 
the tubular glands; both are connected by oblique branches 
piercing the muscle-layer. The lymphatics arising from the sub- 
mucous layer are supplied with valves ; they leave the intestine at 
the insertion of the mesentery. The connective tissue of the peri- 
toneum possesses a lymphatic capillary system of its own, produc- 
ing the so-called snbserons plexus. The lymphatics form sinuses 
around the gastric glands (Loven), a number of which are in- 
cluded between two lymphatics. The uppermost sub-epithelial 
lymphatics are plexiform, or originate as pointed tubules. Sim- 
ilar relations are found to exist in the large intestine. In the 
small intestine the beginnings of the lymphatics are found in the 
central portions of the villi, either as a wide, single tubule or as two 
or more longitudinal tubules with transverse connections. Even 
single tubules may, at the apex, produce a loop, from which, in 
injected specimens, pointed prolongations between the epithelia 
are often seen arising. (See Fig. 259.) The lymphatic or chyl- 
iferons vessels of the villi have a complete lining of endothelia. 
A closed reticulum of lymphatics surrounds the lymph-follicles, 
' though it is generally believed that, in the rabbit’s intestine, 
the follicles are encircled by a sinus. 

The nerves of the intestines are of both the medullated and 
non-medullated varieties. They form, a plexus above the peri- 
toneum, and, after having traversed the longitudinal muscle- 
layer, give rise to the plexus between the longitudinal and 
transverse muscle-layers (Auerbach’s plexus), which is composed 
of reticular extensions of nerves, with numerous interspersed gan- 
glionic nerve elements. From the nodular ganglia of this plexus 
numerous non-medullated nerve fibrillse emanate for the supply 
of both muscle-layers. A number of nerve-fibers pass through 
the perimysium of the circular muscle to the submucous layer, 
where again a plexiform extension is produced, with interspersed 
ganglionic elements (Meissner’s plexus). Its nerve branches sup- 
ply the mucosa and the muscles of the mucosa. The globular or 
oblong ganglionic elements are decidedly larger in the submucous 
than in the intermuscular plexus. (See Fig. 261.) In what man- 
ner the ultimate nerve fibrillas terminate is not known. 

(7) The salivary ykmds are large racemose glands which 
secrete a watery or mucous liquid, and empty either into the 
oral cavity (the parotid, submaxillary, and sublingual glands), 
or into the duodenum (the pancreas). According to A. Heiden- 
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haiu and Lavdowsky, there are glandular formations of the race- 
mose variety, such as those found in the nasal mucosa, which 
are called serous glands, and which produce a watery secre- 
tion. The parotid gland and the pancreas may also he grouped 
with this variety. Others — the sublingual gland — discharge a 
mucous, viscid liquid, while the secretion of the submaxillary 
is partly serous and partly mucous. The dilferenees in the 
appearance of the glandular epithelia may be understood when 
we recall the process of mucous secretion in general. (See page 
329.) Epithelia not participating in the process of secretion are 



Fig. 261. — Nerve-Plexus of the Small Intestine of a Cat. 

MJP, Meissner’s plexus; S, submucous fibrous connective tissue; T, circular muscle of 
the intestine, in transverse section ; AP, Auei'bacli’s plexus ; L, longitiuliual muscle of the 
intestine, in longitudinal section. Magnified 800 diameters. 

found, according to R. Heidenhain, immediately beneath the 
structureless layer, and are termed by him the bordering cells, 
being the reserve from which epithelia are supplied to take the 
place of those which were destroyed by the secretion of mucus. 
Such reserved epithelia are not found in serous glands — for in- 
stance, in the parotid. Different portions of the submaxillary 
gland exhibit both varieties of the epithelia, which blend with 
39 


610 


THE DIGESTIVE TRACT. 


each other. The pancreas has the smallest acini, and here the 
epithelia are fonnd coarsely granular, even homogeneous toward 
the structureless layer. Some observers have erroneously claimed 
that this gland belongs to the tubular variety. The ducts of all 
salivary glands are lined by columnar epithelia. The pancreatic 
duct is provided with acinous mucous glands. The columnar 
epithelia, in the smaller ducts chiefly, show a delicate longitudinal 
striation, which is most distinctly marked in the portion of the 
epithelium nearest the structureless layer. The significance of 
this striation will be dwelt upon in the article by H. B. Millard, 
treating of the epithelia of the kidney. In the tubules of the 
ducts inosculating with the acini, the epithelial lining shows 
slight differences in different salivary glands. 

Salim, transferred to the slide in a perfectly fresh condition, and covered 
with a thin covering-glass, is an excellent specimen for the study of hioplasson 
bodies. Besides flat epithelia from the oral cavity and a varying number of 
leptothrix, we find the salivary corpuscles — i. e,, the former tenants of gland- 
ular epithelia. These are nucleated plastids exhibiting the reticular struct- 
ure and amoeboid movements, at usually the ordinary temperature of the 
room. To study the form changes, it is advisable to sketch on paper from the 
beginning of the investigation. Large, swelled corpuscles, with pale, vesic- 
ular nuclei, may also be found, containing granules which, being the remnants 
of the torn reticulum, are in an active so-called “molecular” motion. The 
number of such hydropic corpuscles increases with the duration of the obser- 
vation under the microscope. At last both the active and hydropic corpuscles 
burst, and masses of detritus or clusters of granules result. The nuclei of the 
flat oral epithelia also exhibit the reticular hioplasson structure, and are 
obviously endowed with vitality, which endures for some time after the horny 
change of the rest of the epithelium has taken place (Strieker). 

In thrush (see page 44), the whitish patches consist of an aggregation of 
leptothrix, oidia, and scanty-chambered mycelia ; in short, the constituent 
elements of mildew. 

In catarrhal stomatitis, the number of salivary corpuscles is considerably 
augmented, and the amount of the hioplasson they contain increased, as 
shown by their coarser granulation. Such corpuscles attain all the appear- 
ances of pus-corpuscles, and may be so termed. Stringy threads of mucus are 
also found in even slight degi’ees of inflammation of the mucosa, caused by 
mucous transformation of hioplasson before its ejection from the epithelia, 
and coalescence of a number of mucous globules. A small amount of blood 
is usually found intermixed. 

In croupous inflammation, the grayish white, so-called “pseudo-membran- 
ous ” formations covering the swelled and considerably hypersemic mucosa, 
consist of a fibrinous exudation, which under the microscope appears as a 
felt-work of sometimes narrow, sometimes broad, granular fibrils. (Eepre- 
sented on page 516, Fig. 212.) In the meshes of this irregular felt- work scanty 
hioplasson bodies are found, which may be considered either as nuclei of 
former epithelia, destroyed in the production of the croupous exudate, or as 
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emigrated colorless blood-corpuscles (so-called “leucocytes”). The deter- 
mination as to the particular source of these corpuscles, in the present condi- 
tion of our knowledge, is impossible. The di])htheritic exudation is of exactly 
the same character as the croupous ; its nature is determined by its deep site 
in the tissue of the mucosa, and is often recognizable under the microscope by 
the presence of isolated globular clusters of lymphatic (adenoid) tissue, from 
which putrefaction starts. The globular nests filled with micrococci originate 
from such clusters of lymphatic tissue. 


XVI. 


THE TEETH. 


E very tooth in the socket of the jaw is in close connection 
with the surrounding structures and is composed of living 
tissues. Morbid processes, especially caries, produce more or less 
painful sensations in the tooth, even before the pulp-cavity has 
been invaded. The cutting with dental instruments of healthy 
portions of the tooth is an unpleasant and even painful process 
to the patient, and especially so at the boundary between the 
enamel and the dentine, and in the neck of the tooth. For- 
eign bodies, such as fillings of any description, if brought in 
contact with dental tissues, set up an inflammatory condition, 
resulting in the so-called ‘^consolidation ” of dentine — a process 
which, a century ago, was observed by Gothe in the dentine of 
the elephant’s tusk after a bullet had been accidentally driven 
into this tissue. The sensation called “ putting the teeth on 
edge,” caused by eating sour fruits, is another proof of the pres- 
ence of life in the tooth. All former observers, however, — though 
some of them have maintained the presence of nerves in the 
dentine, — failed in demonstrating the living matter in its most 
intricate distribution, partly owing to the faulty method applied 
for microscopic research, and partly to the lack of knowledge in 
the arrangement of living matter in other and kindred tissues of 
the body. Dry specimens, formerly resorted to, are only mum- 
mies in which a frame of lime-salts is left, but the soft parts — the 
seats of life — have disappeared. Our present knowledge of the 
minute anatomy of the teeth, as displayed in the following arti- 
cles, is largely due to the improved methods applied for research. 
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Dentine, Cement, and Enamel. By C. F. W. B5decker, D. D. S., M. D. S.* 

Methods. The best method for preparation of bone-tissue for microscopical 
purposes is doubtless the treatment with chromic acid solution of the strength 
of a half to one per cent. The same treatment has repeatedly been resorted 
to by different investigators of tooth-substance. I have used this solution 
extensively for this purpose, with precautions suggested by the experience on 
bone. These are : to immerse only a few teeth in a large vessel with a con- 
siderable amount of chromic acid solution ; to renew the same every third or 
fourth day, and add, to enforce the action of the fluid, very small quantities 
of dilute hydrochloric acid. By this treatment the teeth, after a few months, 
become dark green from the reduction of the chromic acid to the sesquioxide 
of chromium. This method is doubtless the best for softening teeth, although 
the chromic acid softens the cement and dentine only to a certain depth, so 
that a tooth kept in the chromic acid solution never is fit to be cut through in 
its whole substance at one time. The sections so obtained are ready for 
staining with carmine or h^matoxylon, and after they have been immersed 
in and washed with distilled water, also for staining with chloride of gold. 

The greatest objection to the chromic acid treatment is that enamel 
never can be obtained in connection with the dentine. If hydrochloric acid 
has been used, in addition to the chromic acid solution, the enamel is almost 
completely dissolved. If chromic acid alone has been used, the enamel 
becomes so brittle that it crumbles into small particles under the knife. 

Lactic acid acts upon teeth, if diluted sufficiently, by dissolving the lime- 
salts much faster than chromic acid. Specimens prepared in this way, how- 
ever, in my experience, are not distinct enough for study with high powers. 

The only method which enabled me to obtain specimens of teeth provided 
with all hard tissues is the following : A fresh tooth, or one kept a short time 
in chromic acid solution, is sliced under water by a watch-spring saw, and 
ground as thin as possible upon a corundum-wheel of a lathe, always being 
kept under water. The lamella thus obtained should be placed in a large 
quantity of chromic acid solution, of the strength of half of one per cent., for 
one or two days, with the view of hardening the soft parts of the tooth and 
dissolving the lime-salts. After this the specimen may be stained with car- 
mine, hsematoxylon, chloride of gold, etc., as above described, and mounted 
in dilute glycerine. The saturated solution of picric acid in water may also be 
used for the decalcification of a ground slice of a tooth. 

Dentine. We know that the basis-substance or matrix of the dentine is 
analogous to that of bone, viz. : glue-yielding, and at the same time infiltrated 
with lime-salts. We learned from the researches of E. Neumann that the 
basis-substance is denser on the walls of the tubuli, and more resistant to the 
action of strong acids, which cause the appearance of a sheath around each 
tubule after the solution of the intermediate substance of the matrix between 
the tubuli. 

With low powers we cannot see in the dentine anything but the tubuli, 
which I propose to term hereafter dentinal canalicuU. These, as is well known, 
run in eirrved sigmoidal lines from the boundary of the pulp-cavity to the 
periphery of the dentine ; they are directed obliquely upward in the crown, 
and assume a more horizontal direction in the region of the nec^ while in the 

* Extracted from the autlior’s essay, “The Distrihution of Living Matter in Human Den- 
tine, Cement, and Enamel.” The Dental Cosmos, Philadelphia, 1878 and 1879. 
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root they remain horizontal or sometimes turn downward to a varying 
extent. Besides the main sigmoidal curvature, each individual canaliculus 
exhibits a more or less wavy course in its way through the dentine, and the 
individual curvatures are, as a rule, very marked on the outer periphery of 
the dentine. 

The dentinal canaliculi reach the outer surface of the dentine only on the 
circumference, which is covered by enamel, while on the periphery coated by 
cementum, including also the neck, the canaliculi terminate before reaching 
the cementum, and are replaced by a fine, granular basis-substance greatly 
varying in its width. The distribution of the dentinal canaliculi is in the 
great majority of teeth uniform throughout the dentine, although exception- 
ally I have met with specimens of dentine in which there were smaller or 
larger territories devoid of dentinal canaliculi, which latter look as if arranged 
in bundles or groups within the basis-substance. 

Each canaliculus contains a dentinal fiber. Longitudinal sections of den- 
tine, stained with carmine or chloride of gold, if examined with high powers 
— from 1000 to 1500 diameters (immersion lenses) — exhibit the following : 
The canaliculi of the dentine run in a more or less wavy course through the 
basis-substance, and are, as a rule, bifurcated only on the periphery of the 
dentine, both toward enamel and cementum. Each canaliculus contains a 
central, slightly beaded fiber, which on its whole periphery sends delicate, 
thorn-like elongations through the light space between the central fiber and 
the wall of the canaliculus. The thorns are distinctly conical, their bases 
being attached to the dentinal fibers, and their points directed toward the 
basis-substance. The smallest thorns spring in an almost vertical direction 
from the dentinal fiber, while somewhat larger offshoots may run obliquely 
through the basis-substance, and directly unite neighboring fibers with each 
other in the vicinity of the enamel and cementum. 

The basis-substance shows a distinct net-like structure. The light spaces 
surrounding the dentinal fibers send delicate elongations into the basis-sub- 
stance, in which, through repeated branching, a light net-work is established, 
the meshes of which contain the decalcified, glue-yielding basis-substance. 
The finest offshoots of the dentinal fibers can be traced only into the mouths 
of the elongations of the canaliculi ; on the periphery of the latter, owing to 
their great delicacy, the offshoots are lost to sight. Coarser offshoots of the 
dentinal fibers, at the localities mentioned before, traverse the basis-substance 
within its light net-work, at the same time uniting dentinal fibers directly, 
and sending slender conical offshoots into the light net-work of the basis- 
substance. (See Fig. 262.) 

The dentinal fibers are either in direct connection with coarser offshoots 
of the bioplasson bodies of the cementum, or the light net- work of the basis- 
substance of the dentine is in communication with that of the basis-substance 
of the cementum. The latter condition prevails, on the periphery of the 
neck of the tooth, where the basis-substance of the dentine is not pierced by 
larger offshoots of the dentinal fibers, but only by a delicate net-work, 
through which the connection between dentine and cementum is indirectly 
established. 

In cross-sections of dentine the dentinal canaliculi are visible in the shape 
of round or oblong holes ; the center of each is occupied by the dentinal fiber, 
which has the shape of a small, roundish dot. Again we see that the per- 
iphery of the dentinal canaliculus is sharply marked, and repeatedly inter- 
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rupted, by light lines leading into the light net-work which pierces the 
basis-substance between the canalicnli. The central fibers look very distinct 
and dark violet in specimens stained with chloride of gold, and send slender, 
conical, radiated offshoots through the surrounding dentinal eanaliculi, 
respectively, toward the mouth of the light interruptions in their walls. In 
directly transverse sections, one, two, or sometimes even three, such offshoots 
can be seen in a star-like arrangement. Each offshoot springs, with a broad 
base, from the central dentinal fiber, while its pointed end always is directed 
toward the perforation in the wall of the canaliculus, where, as a rule, it is 
lost to sight. 

Toward the boundary between dentine and enamel, and dentine and 
cementum, as is well known, the dentinal canalicnli ramify, and according to 
their ramifications also the dentinal fibers bifurcate, becoming thinner the 
nearer to the surface of the dentine. Both longitudinal and transverse sec- 



Fig. 262. — Root of Molar. Stained with Chloride of Gold. 

J), dentine ; C, cement, witli i)lastids branching and uniting ; A'l, dentinal fibers, witli tlieir 
transverse offslioots ; Fi, ramification of dentinal fibers and tlieir union with the offshoots of 
cement-corpuscles. Magnified 1200 diameters. 

tions of this part of the dentine show details identical with the main mass of 
the dentine, the only difference being that, near the periphery of the dentine, 
the fibers are more delicate and more closely packed together. (See Fig. 
263 A and Fig. 263 B.) 

In some teeth I have met, on the periphery of the dentine of the crown, 
with the so-called “ interglobular spaces” (Czermak), which may be consid- 
ered as remnants of the embryonic condition of the dentine. They represent 
lacuna of greatly varying sizes, bounded by curved lines, the convexities of 
which are directed toward the central cavity. These spaces sometimes con- 
tain bioplasson — i. e., embryonal elements which have not been transformed 
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into basis-substance and not calcified. The dentinal fibers enter the bioplas- 
son bodies, and each fiber is united with the net-work of these bodies by- 
means of delicate, thorn-like projections. At other times the basis-substance 
of the dentine is developed within the interglobular spaces, but devoid of 
lime-salts. In this instance the dentinal fibers, -without investment and with- 
out changing their course, pierce the basis-substance and send offshoots to 
this through the surrounding light spaces. 

The dentine shows peculiar formations in general, though not constantly, 
as instanced when approaching the enamel and cementum. These formations, 
however, being in close relation to the covering tissues of the tooth, I prefer 
to describe in the chapter on cementum and enamel. 

CemenUim. It has been long known that there exists a striking analogy 
between the structures of the cementum and bone. 

If we consider the central or pulp canal of the tooth as a formation anal- 
ogous to a Haversian canal, containing blood-vessels, nerves, and medullary 
tissue, then the surrounding cementum corresponds to a Haversian system of 
ordinary bone, between which and the pulp-canal there exists an intermediate 
stratum of dentine. 

B 


Fig. 263 B.— Cross-Section of 
Dentine of Incisor. Stained 
WITH Chloride of Gold. View 
FROM Outer Periphery of Den- 
tine, NEAR Enamel. 

F, dentinal canalioiili -with tlie central 
dentinal tlbers, the latter with star-like off- 
slioots ; -B, the hasis-suhstance between the 
canaliculi, pierced by a delicate, light net- 
work. Magnified 2000 diameters. 

The zone of dentine is not present all around the pulp-cavity on the apices 
of the roots ; there the cementum, being the outermost layer of the tooth, 
directly lines the cavity. 

Delicate parallel striations are to be seen in the cementum, identical with 
the lamellae of a Haversian system, and, as a rule, more plainly marked near 
the periphery than toward the dentine. 

Within the basis-substance of the cementum there are numerous branching 
spaces, in correspondence with the lacunae of bone. The offshoots of these 
spaces in the cementum, like the spaces themselves, are very marked in dry 
specimens, because of their being filled with air. In chromic acid specimens, 
on the contrary, the offshoots are much less prominent, and the less the more 
thoroughly the decalcification has been effected by the acid. No essential 
difference is noticeable between the lacunae and canaliculi of ordinary bone 
and those of the cementum ; in both tissues there exists a great variety as to 




Pig. 263 A. — Cross-Section of 
Dentine of Incisor. Stained 
with Chloride of Gold. Main 
Mass of Dentine. 

F, dentinal canaliculi with the central 
dentinal fiber, the latter with star-like off- 
shoots ; -ffi, the basis-substance between the 
canaliculi, inerced by a delicate light net- 
work. Magnified 2000 diameters. 
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the general arrangement, the size of the lacuna, and the number and ramifi- 
cations of their offshoots. 

The walls of the lacun® and the coarser offshoots, if viewed with a highly 
magnifying lens, appear interrupted at their peripheries by light spaces, which 
lead into a light, delicate net-work, piercing the whole basis-substance to 
such an extent that only the meshes have to be considered as the fields of cal- 
cified glue-yielding basis-substance. Each lacuna contains a plastid with a 
central nucleus — the cement-corpuscle. The nucleus sometimes is relatively 
large and surrounded only by a narrow seam of bioplasson ; while in some 
small lacunte a body of the appearance of a nucleus is present without a 
noticeable amount of surrounding bioplasson. The net-like structure of the 
plastids is plainly visible on all cement-corpuscles. From their periphery con- 
ical offshoots arise, the coarser of which penetrate into the larger offshoots of 
the lacunae, while the finest offshoots traverse the light rim between the wall 
of the lacuna and the periphery of the plastid, being directed toward a light 
interruption on the boundary of the lacuna. 

Cement-corpuscles, on the average, are round or spindle-shaped bodies, 
the long diameter of which corresponds to the direction of the lamellsB. In 
teeth of juvenile and middle-aged persons we meet with cement-corpuscles 
surpassing three or four times the size of ordinary ones, in which two or three 
nuclei are visible. Instead of multinuclear bodies, a number of medullary 
nucleated elements may fill a large lacuna. Numerous cement-corpuscles 
send broad and branching offshoots through the basis-substance in a vertical 
or oblique direction to the lamellte, and not infrequently a direct union is 
established between two or three cement-corpuscles by means of such large 
offshoots (see Fig. 262). 

In some teeth, broad, spindle-shaped spaces pierce the cementum in a 
radiated direction, all of which contain bioplasson with delicate offshoots 
directed toward the net-work in the basis-substance. Nay, sometimes medul- 
lary spaces traverse the lamellee in different directions, which, besides a vary- 
ing number of medullary elements, contain capillary blood-vessels, evidently 
in connection with the capillaries of the pericementum. These formations 
may be considered as remnants of the embryonic condition of the cementum, 
and are never present in large numbers. All plastids within the cementum, 
though greatly varying in shape, agree in being connected with each other by 
the delicate net-work which pierces the basis-substance. 

At the periphery of the cementum, on the line of the connection with the 
pericementum, the net-work of the bioplasson is usually very broad, and the 
fields of the basis-substance show a prevailing globular appearance. Also, 
numerous spindle-shaped plastids are seen in connection with the cementum 
in an oblique arrangement, forming the transition into the structure of the 
pericementum. Between the calcified cementum and the striated connective 
tissue of the pericementum there often exists a narrow zone, occupied by 
closely packed spindle-shaped bodies only. 

The connection between dentine and cementum is established either by a 
gradual change of one tissue into the other, without a distinct line of demar- 
cation, or there exists a boundary foi-med by a more or less marked wavy line, 
presenting irregular, bay-like excavations. Lastly, it occurs that between the 
bay-like excavations and the dentine there is interposed a stratum of the 
structure of cementum, with a gi’adual change of the tissue of the former into 
that of the latter. 
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Where a gradual change takes place, the dentinal canalicnli show irregular, 
mainly spindle-shaped, enlargements, which stand in the direction of the den- 
tinal canaliculi themselves, or run obliquely through the basis-substance of 
the cementum. The distal end of such a spindle is, as a rule, in connection 
with a regular lacuna of the cementum, or with an analogous formation of a 
neighboring dental canaliculus. Many of the latter simply pass into the light, 
delicate net-work characteristic of the basis-substance of cementum. The 
dentinal fiber is in direct union with the bioplasson, which fills the spindle- 
shaped spaces, or it is lost to sight upon entering the net-work of the basis- 
substance of the cementum. (See Fig. 264.) 



Fig. 264. — Transition op Dentine into Cementum, 
WITHOUT A Marked Boundary. 


O, Uraiicliiiig ceineiit-corpuscle ; P, spimlle-sliapecl comeiit-corirascle, Uotli in direct coii- 
nectioii vitli dentinal liUers, F, -wliicli Uilurcate ■within the canaliculi of the dentine, F. 
Magnified 1200 diameters. 

Where a boundary with bay-like excavations is present between dentine 
and cementum, spindle-shaped enlargements of the dentinal canaliculi may be 
seen, much smaller than in the former instance. The majority of the dentinal 
canalicnli, however, reach the boundary of the cementum after repeated 
bifurcations, by which both the calibers of the canaliculi and their central 
fibers are gradually diminished in size. A connection of the dentinal fibers 
with the coarser offshoots of the cement-corpuscles is often observed. The 
light net-work of the basis-substance of the dentine always passes into that of 
the cementum. Not very rarely, also, on the bottom of a bay -like excavation, 
partly nucleated plastids are present, into which the dentinal fibers inosculate. 
The connection between these and the coarser offshoots of the cement-cor- 
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puscles under these circumstances is established by such intervening bodies. 
(See Fig. 265.) 

For the designation of the bioplasson formations between the dentine and 
enamel, and dentine and eementum, I adopt the term “interzonal layer,” as 
lirst proposed by Dr. W. H. Atkinson. 

Neck of Tooth. There are certain peculiarities about the minute anatomy 
of the neck of the human tooth, which, so far as I can judge from the litera- 
ture within my reach, have not been heretofore mentioned. 

John Tomes, in describing the distribution of the dentinal tubes, says: 
“Near the neck they stop short of the eementum.” This assertion 
is in accordance with my own observations. In the great majority of 
teeth neither the eanalieuli nor their contents, the dentinal fibers, reach 



Fig. 265. — Transition op Dentine into Cement, with an Inter- 
mediate Layer op Cement-structure. 


D, (leiitiue ; F, bilurcating (leiitine-tiljers, in union witli elongated cement-corpuscles, C i ; 
tliese are imbedded in a basis-substanco blending with that of dentine. Tlie regular eementum 
i.s charactei'ized by brandling corpuscles, C'2. Magnified 1200 diameters. 

that part of the eementum which surrounds the neck. Near the periphery 
of the dentine bifurcations, of the eanalieuli — and consequently also of 
their tenants, the dentinal fibers — take place, some of the finest terminations 
of which run to the boundary between the dentine and eementum. As a rule, 
the finest terminations of these fibers are lost to sight in a net-work somewhat 
coarser than that of the basis-substance of ordinary dentine. Sometimes the 
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dentinal canalieuli, when approaching the periphery, become slightly dilated, 
so as to produce slender, pear-shaped cavities, in accordance with which the 
terminating dentinal fibers exhibit slight enlargements. 

The boundary between dentine and cementum presents a wa\y line, 
traversed by delicate threads, or occupied by spindle-shaped bioplasson for- 
mations, all of which are in union with direct or indirect elongations of the 
dentinal fibers. 

The cementum around the neck forms a narrow layer, which is cut off 
obliquely at the place of junction with the enamel. Both the cementum and 
enamel in this situation — being of the same width — are separated by a 
boundary which runs from the outer periphery obliquely downward to the 
dentine. This relation I found in the majority of teeth, and it is only 
exceptionally that I have met with cementum overlapping the enamel. The 
cementum on the neck is built up by delicate prisms, or spindles, arranged 



Fig. 266.— Anomalous Formation of Cementum on the 
Neck of a Human Tooth. 


D, deiitiuo; W, cementum on neck of tootli, witli spindle-sliaped or prismatic fields of 
fiasis-sufistance ; DP, depression in the cementum of the neck, filled with elements of peri- 
cementum, P, surrounded upward by a zone of regularly developed cementum, Cc. Magnified 
1200 diameters. 

vertically to the surface of the dentine. The prisms represent the fields of 
the basis-substance, and are separated from eaeh other by light rims, holding 
beaded fibers, or traversed by delicate vertical threads. In transverse sec- 
tions, when the prisms are cut obliquely, they exhibit irregular, opaque fields, 
separated from each other by light rims. 

The cementum on the neck of the tooth is devoid of lamellse and lacunae, 
which appear deeper below, together with all the characteristic features of 
the fully developed structure of the cementum. The lamellae become the 
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more distinct, and the lacuna, with their contents (the cement-corpuscles), 
the more numerous, the broader the diameter of the layer of the cementum. 

The outer surface of the cementum is covered on its upper part with a 
narrow layer of connective tissue and with epithelial elements, in close 
resemblance with those of Nasmyth’s layer of the enamel. This layer turns 
over into the epithelial coat of the gum. 

I have met once with striking formations on the neck of a tooth. The 
ordinary cement of the neck is interrupted by grooves or pits containing the 
elements of pericementum. The inner per- 
iphery of the pit is covered with a well- 
developed, evidently isolated, formation 
of cementum. The island of the cemen- 
tum is broadest above the bottom of the 
pit, and slopes down along the walls of the 
pit mitil it is lost within the layer of the 
cementum of the neck. (See Fig. 266.) 

Enamel. Up to this time the impression 
of most examiners has been that the 
enamel is built up by bundles of rods or 
prisms, crossing each other, and traversed 
by faint vertical lines, which give each of 
them the appearance of a column sub- 
divided into small squares. The enamel- 
rods doubtless exist, and are wavy close 
to the dentine, and straight on the periphery and the main mass of the enamel. 
They may be considered as columns of a calcified substance, between which 
minute spaces are left, analogous to the cement-substance of epithelial for- 
mations. 

In longitudinal sections we see delicate beaded fibers, which occupy the 
central portion of the interstices between the enamel-rods. These fibers I 
propose to term the ‘‘enamel-fibers.” From such a fiber arise very minute 
conical fibrillse, which traverse the rims between the fiber and the neighbor- 
ing outlines of the rods, and fade away from the moment they enter the 
latter. The columns of the basis-substance themselves are pierced by deli- 
cate canaliculi, running in an almost vertical direction through the enamel- 
rods, regularly enough to give the appearance of squares, although these are 
much smaller than usually represented. In the middle of a minute square 
light canals are seen, not infrequently running parallel with the outlines of 
the enamel-rod. The square fields thus produced by the rectangular crossing 
of light channels look, under the power of 1200 diameters, finely granular. 
In specimens not fully decalcified it is impossible to decide whether there is a 
light net-work within the enamel prisms analogous to that in the basis- 
substance of the dentine and cementum, or whether the granular appearance 
is merely due to the depositions of lime-salts. (See Fig. 267.) 

Cross-sections of the enamel, which we obtain also in longitudinal sections 
of the tooth, on account of the different directions of the bundles of the 
enamel-rods, plainly exhibit the irregular polyhedral fields of the enamel- 
rods. The light interstices between the polyhedral fields contain in many 
instances delicate beaded fibers surrounding the polyhedral fields of the 
enamel-rods. The fibers, if cut transversely, have the appearance of dots, 
and connect with each other directly or by means of intervening delicate 



Fig. 267. — Longitudinal Sec- 
tion OF Enamel. 


ER, enamel-roils, traversed Ly pre- 
vailiug vertical spaces; EF, enamel- 
libers, brandling and partly uniting 
by delicate offslioots. Magnified 1200 
diameters. 
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threads. Extremely line thorns traverse in a vertical direction the light 
space between two neighboring enamel-rods, even where a fiber is not visible. 
(See Fig. 268.) » 

The rods of the enamel, on an average, are half the diameter of the col- 
umns of the basis-snbstance in dentine ; therefore four columns of the former 
will correspond to two of the latter. Sometimes in the cross-section of an 
enamel-rod I met with roundish formations occupying the center of the rod, 
one or two in number, which, owing to a denser granulation and a surround- 
ing shell, have the appearance of nuclei. The enamel-fibers run a very 
straight course toward the surface, and are here usually a trifle thicker than 
near the boundary of the dentine. 

The outermost surface of the enamel is covered by flat epithelia (Nas- 
myth’s ruembrane), which, in the transverse section, have the appearance of 

flat spindles ; not infrequently there also 
occurs a stratified epithelium on the surface 
of the tooth. The enamel-fibers are in con- 
nection with these epithelial bodies, which, 
if detached, show delicate offshoots adhering 
at regular intervals — the broken enamel- 
fibers. Sometimes the surface of the enamel 
is coated by a thin, uniform layer, with regu- 
■ larly scattered nuclei. 

At the place of junction of the enamel 
with the dentine a direct connection is often 
seen between the enamel and dentine fibers. 
The latter, through repeated bifurcations, 
being closely brought together, continue 
their course into the enamel-fibers without 
any interruption. The direction of the fibers 
of the two tissues, however, is almost never 
identical, inasmuch as the enamel-rods, and 
consequently the enamel-fibers, as a rule, owing to their wavy course in this 
situation, are obliquely intercepted upon the dentine. 

We can very often trace dentinal fibers up into the enamel in a varying 
distance, without a distinct union between the enamel and dentine-fibers, as 
the former do not reach the sui’face of the dentine, but terminate above its 
level at different heights, while the zone close above this is occupied by a 
delicate, irregular net- work analogous to that of the dentine. (See Fig 269.) 

In many places the dentinal canaliculi upon entering the enamel suddenly 
become enlarged, and form more or less distinctly spindle-shaped cavities of 
greatly varying diameters, analogous to the spindle-shaped enlargements at 
the boundary of the cementum. These enlargements run either in the main 
direction of the dentinal canaliculi or deviate obliquely. They invariably con- 
tain bioplasson bodies, which plainly show the reticular structm'e, and some- 
times contain one or more compact clusters to be considered as nuclei. The 
spindle-shaped bodies, on their proximate ends, are in direct connection with 
the terminations of the dentinal fibers which have arisen from their repeated 
bifurcations, while on the distal end they may show delicate fibers — viz. : 
enamel-fibers — or delicate conical thorns traversing the light space between 
the surface of the bioplasson body and the wall of the cavity. These thorns 
are lost to sight on passing into the net-work at the bottom of the enamel. 
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Fig. 268. — Cross-Section op 
Enamel. 

EK, rods of enamel, partly exhibit- 
ing formations like nuclei; the light 
interstices between tlie rods traversed 
by delicate beaded fibers, EF, or by 
vertical thorns. Magnified 2000 di- 
ameters. 
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In some places, especially on the cusps, the spindle-shaped enlargements of 
the dentine-fibers are quite numerous, and of an almost uniform size and 
direction, forming regular rows of spindles within the enamel. In the teeth 
of younger individuals the spindle-shaped enlargements are comparatively 
larger and more regular than in the teeth of old people. 

The boundary line between the dentine and enamel is either straight or 
slightly wavy, and with more or less deep, bay-like excavations, analogous to 
those on the boundary between dentine and cementum. The concavities of 
the bays are directed toward the dentine. In this interzonal layer at the bot- 
tom of the bays we meet with fibers occupying the curved spaces between 
dentine and enamel, or we see, in a correspondingly bent direction, bioplasson 
bodies directly connected with the dentinal fibers downward, and with the 
enamel fibers upward. (See Fig. 270.) In specimens stained with chloride of 



dentine; -B, enamel; dentinal libers, Ijeing in union witli large bioplasson bodies, 
P, or directly running into enamel-fibers, PF ; tlie latter often are lost in tlie delicate, irregu- 
lar net- work on tiie bottom of the enamel. Magnified 1200 diameters. 

gold the dentine is always much deeper in color than the enamel, hence the 
relations described are very plainly marked on such specimens. 

Eesults. The details described make it evident that we shall have to mod- 
ify considerably the views heretofore maintained on the structure of the 
teeth. Since we have known the structure of “protoplasm,” and that of 
basis-substance of connective tissue, by the researches of C. Heitzmann, we 
are accustomed to look for the distribution of the living matter not only iu 
the plastids (the formerly so-called cells), but also in the basis-substance, 
which formerly was thought to be devoid of life. 

The sti’ucture of the tooth closely resembles that of bone. We know that 
the basis-substance of bone is traversed everywhere by a net-work of living 
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matter, in the shape of beaded fibers, where they form larger offshoots of, the 
plastids. Similar features are also present in the tissues of the tooth. 

(1) The dentinal canaliculi are excavations in the hasis-suhstance of the den- 
tine, each containing in its center a fiber of living matter. Besides the dentinal 
canaliculi, there exists an extremely delicate net-worh icithin the basis-substance 
of the dentine, into which innumerable offshoots of the dentinal fibers pass. 
Although we cannot trace the living matter throughout the whole net-worlc in 
the basis-substance, we are justified in assuming that not only the dentinal canal- 
iculi, but the iohole basis-suhstance of the dentine, is also pierced by a delicate 

net-worh of living matter. The 
living matter of the dentine is in 
direct union with that of the bio- 
^ plasson bodies of the pulp, of the 
cementum, and of the enamel, 

(2) The cementum, as well as 
EP ordinary bone, is provided with la- 

cunce and, canaliculi. The lacunce 
contain nucleated plastids, and the 
canaliculi hold offshoots of the liv- 
ing matter of the plastids. The 
whole basis-substance of the cemen- 
tum is traversed by a delicate net- 
worlc, which in all probability con- 
tains living matter, though this is 
traceahle only in its thorn-like pro- 
jections from the periphery of the 
plastids and their larger offshoots. 
The living matter of the cementum 
is uninterruptedly connected with 
that of the pericementum, and con- 
tinuous with the living matter of 
the dentine, either through inter- 
vening bioplasson bodies in the in- 
terzonal layer, or directly with the 
dentinal fibers. 

(3) The cementum covering the 
neck of the tooth is devoid of lamella and plastids. It is built up by directly 
ossified osteoblasts of the pericementum, presenting their prismatic shapes, and 
everywhere traversed by a net-work of living matter. This is in connection tcith 
the pericementum,, and with the dentine mainly through the intervening net-work 
in the basis-substance of the latter. 

(4) The enamel is traversed by fibers of living matter located in the inter- 
stices between the enamel-rods. The fibers are connected with each other by delicate 
fibrillce, piercing the enamel-rods in a vertical direction. The enamel-fibers send 
conical thorns toward the enamel-rods, and such thorns are visible in all interstices 
between the enamel-rods. The enamel fibers are continuous on the outer surface 
with the covering layer of fiat epithelia, and on the inner surface with the dentinal 
fibers. The latter connection is either direct or indirect through a net-work of living 
matter, or through intervening bioplasson bodies in the interzonal layer. 

History. It is not my intention to traverse the entire history of micro- 
scopical studies regarding the structure of teeth. I propose to quote only 
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Fig. 270. — Union of Dentine with 
Enamel. 

A>, dentine; J?, enamel ; P, Lioplasson formations 
at tile boundary between both tissues, in union 
with enamel-fibers, EF, and with dentine-fibers, 
DF. Magnified 1200 diameters. 
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from representative writers on odontology, in order to show how the present 
theories on this subject have been gradually developed. 

I quote from John Hunter*: “Enamel has no marks of being vascular, 
and of having a circulation of fluids ; it takes no tinge from feeding with 
madder, even in the youngest animals. This looks as if the enamel were 
the earth more fully depurated, or strained off from the common juices 
in such a manner as not to allow the gross particles of madder to pass. 
The other substance of which a tooth is composed is bony, but much harder 
than the most compact part of bones in general.” 

Joseph Foxt says : “ The enamel, when broken, appears to be composed of 
a great number of small fibers, all of which are so arranged as to pass in a 
direction from the center to the circumference of the tooth, or to form a sort 
of radii round the body of the tooth. This is the crystallized form it acquires 
some time after its deposit. The structure of the teeth is similar to that of 
any other bone, and differs only in having a covering, which is called enamel, 
for the exposed surface, and in the bony part being more dense.” 

Thomas Belli maintains: “ There are two distinct substances which enter 
into the composition of the teeth, essentially differing from each other in 
structure as well as in chemical composition ; the one being organized, the 
other crystalline. The first, of which the mass of the tooth consists, is true 
bone ; the second, from its appearance, is called enamel.” 

Alexander Nasmyth § on cementum says : “ The cortical substance is always 
found on the peripheral part of the tooth, forming a layer of investment around 
it, and lying in close apposition with the enamel or ivory. The cortical sub- 
stance has no organic connection with the enamel or ivory against which it 
lies, and, being softer than both, is easily detached by means of a knife. In its 
intimate structure it presents the characteristic corpuscles and canals of bone, 
the latter being filled with ossific matter, but otherwise resembling Haversian 
canals. In structure, enamel is composed of cells which are arranged in regular 
rows, forming composite fibers placed at nearly right angles to the surface of 
the ivory, the original nuclei of the cells not being persistent. Dentine. It 
has long been known that the teeth are composed of two essential chemical 
constituents, namely, earthy salts and animal matter. Prom Dr. Thomson’s 
analysis it appears that the quantity of animal matter is very considerable, 
and it is evident that it is contained chiefly in the fibers, or, as they have 
been termed, the tubes of the ivory. It was quite evident to me, from the 
examination of preparations, that the so-called tube was in reality a solid 
fiber, composed of a series of little masses succeeding each other in a linear 
direction, like so many beads collected on a string.” 

Richard Owen, || in describing the structure of dentine, says : “ The 
compartments of the basal substance, which I have called ‘ calcigerous,’ or 
‘ dentinal cells,’ and which contain the hardening salts in their densest 
state, are sub-circular or sub-hexagonal. The calcigerous and nutrient tubes, 
varying from 1-1 0,000th to 1-20, 000th of an inch in diameter, are placed 
with intervals equal to from two to six of their own diameters. They are 
nearly parallel to one another, both in their general course and curvatures, 

* “The Natural History ot the Human Teeth,” etc., 1778. 
t “The Natural History and Diseases of the Human Teeth,” 1814. 
t “ Anatomy, Physiology, and Diseases of the Teeth,” 1831. 

i “ Researches on tlie Development, Structure, and Diseases of the Teeth,” 1849. 

II “ Odontography,” 1840-45 (vol. i., pp. 302, 303, and 304). 
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but as the outer surface of the tooth exceeds the inner one in extent, the 
tubes slightly diverge in their course and divide, decreasing in diameter to 
their peripheral extremities, and rapidly so near their terminations, where 
they become irregularly flexuous and often interlaced. The dichotomizing 
calcigerous tubes send off from their sides much more minute branches, which 
quickly divide and subdivide in the interspaces of the trunks and penetrate 
the dentinal cells. The cement, which, with the dentine, is present in all teeth 
of mammalian animals, is characterized, except where it forms an extremely 
thin layer, by the radiated calcigerous cells, usually arranged in lines or 
layers parallel with the surface of the cemental coat, and with each other. 
The enamel consists of more or less curved or wavy prismatic fibers, averaging 
about l-4000th of an inch in diameter, and transversely striated.” 

John Tomes* says of enamel : “ The organic matter said not to belong to 
the class of gelatinous tissues, but to be closely similar to epithelium in 
its chemical relations, is stated not to exist between, but in the substance 
of the prisms (Hoppe-Seyler). The enamel is made up of parallel fibers, 
which lie in close contact with one another, no intervening substance being 
demonstrable.” On dentine : “ In the crown of the tooth the dentinal tubes 
terminate by forming loops, or become too minute to be traced, or pass into 
the enamel and become lost. In teeth the dentine of which is imperfectly 
developed, the terminal branches are lost among, or end in, the minute cavi- 
ties which abound in the layer at or near the peidpheral surface of the dentine. 
Near the neck they stop short of the cementum, but toward the end of the 
root they not uncommonly pass into the cementum and connect themselves 
with the lacunEe. By the extension of the dentinal tubes into the enamel and 
into the cementum, a connection is formed more intimate than mere superposi- 
tion and adhesion of the one to the other would have established. In prepara- 
tions in which we are fortunate enough to retain a portion of the pulp with 
the dentine, it may readily be seen that the soft fibrils are processes of the 
cells known as ‘ odontoblasts,’ which constitute the peculiar layer called the 
membrana eboris. It is absolutely certain that no structures other than 
nerves have the power of conducting sentient impressions, and hence it is not 
quite necessary to assume that the dentinal fibers are actual nerves before 
allowing them the power of communicating sensation. The greater degree 
of sensitiveness observable in the dentine immediately below the enamel — 
that is, at the point of ultimate distribution of the dentinal tubes, and conse- 
quently of their contents — may be fully accounted for on the supposition 
that the latter are organs of sensation, the highest sensibility of which is 
confined to their branches.” On cementum : “ The canaliculi of neighboring 
lacunae anastomose freely with each other, and establish a net-work of com- 
munication throughout the whole body of the cementum, and occasionally 
become connected with the terminal branches of the dentinal tubuli. It is 
to the description of primary bone that the cementum of the teeth is most 
closely allied, and from that it is difficult to point out any distinguishing 
structural character.” 

Charles S. Tomes t maintains of enamel: ‘'In perfectly healthy human 
enamel the fibrillar arrangement is not so very strongly marked ; the fibers 
are solid, are in absolute contact with one another, and have no demonstrable 
intervening or uniting substance, or else inter-spaces would be left, which is 


“ System of Dental Surgery,” 1873. 
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not found to be the ease. In man, dentinal tubes may occasionally be seen to 
enter the enamel, passing across the boundary between the two tissues, and 
pursuing their course without being lost in irregular cavities.” On dentine : 

‘ ■ Each dentinal tube runs outward in a direction generally perpendicular to 
the surface toward the periphery of the dentine, which, however, it does not 
reach, as it becomes smaller, and breaks up into branches at a little distance 
beneath the surface of the dentine. The tubes have definite walls, and are 
not simple channels in the matrix. These walls are composed of something 
singularly indestructible. Indeed, the walls of the dentinal tubes are so 
indestructible that they may be demonstrated in fossil teeth, in teeth boiled 
in caustic alkalies, or in teeth which have been allowed to putrefy. Similarly 
indestructible tissues are, however, to be met with surrounding the Haversian 
canals and the lacunfe of bone. Each canal is occupied by a soft fibril, which 
is continuous with the odontoblast cells upon the surface of the pulp ; the 
existence of these soft fibers was first demonstrated by my father. In the 
dentine, then, we have (1) a matrix permeated by tubes; (2) special walls of 
these tubes, or dentinal sheaths ; and (3) soft fibrils contained in these tubes, 
or dentinal fibers. . . . Owing to their breaking up into minute branches, 
some of the tubes become lost as they approach the surface of the dentine, 
and apparently end in fine-pointed extremities. Some terminate by anasto- 
mosing with terminal branches of others, forming loops near to the surface of 
the dentine; others terminate far beneath the surface in a similar way. 
Some tubes pass into the small, interglobular spaces which constitute the 
‘granular layer’ described by my father, while others again pass out alto- 
gether beyond the boundary of the dentine and anastomose with the canali- 
euli of the lacunse of the cementum. The enamel also may be penetrated by 
the dentinal tubes, though this, when occurring in the human subject, must 
be regarded as exceptional and almost pathological in its nature. Of the real 
nature of the dentinal fibrils some doubts are entertained. . . . Nerves, in 
the ordinary sense of the word, they are not, and have never been supposed 
to be. . . . The cementum, in my opinion, is present in a rudimentary condi- 
tion upon the teeth of man, etc., as Nasmyth’s membrane. It consists of a 
calcified matrix or basal substance, to a slight extent laminated, and lacunas. 
Many of the lacunte in cementum are connected, by means of their canaliculi, 
with the terminations in the dentinal tubes ; they, by the same means, freely 
intercommunicate with one another. In the fresh condition it appears prob- 
able that the lacunse are filled up by soft matrix.” 

Carl Wedl * says : “Isolation of the enamel-fibers may easily be efPected by 
means of dilute hydrochloric acid. The fibers, becoming swollen and varicose, 
present on the depressed portions an apparent transverse striation, and 
between the opposing contiguous portions narrow, fissure-like intervals re- 
main, which have given rise to the view entertained by some investigators 
that canals are found in the enamel. The junction of the enamel with the 
dentine is effected by a transparent, irregular, wavy boundary layer, which in 
some parts is encroached upon by separate dentinal canals, and in others by 
elongated, cleft-like cavities, of irregular shapes and different dimensions. 
Into these cavities, which are mostly filled with opaque, amorphous, calcare- 
ous masses, one or another of the dentinal canals frequently enters. The 
cement has an organic connection with the periosteum of the root or root- 
membrane. Sometimes the canaliculi radiate from the bone-corpuscles in 


* “ Patliology of the Teeth,” 1872. 
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parallel rows, and extend a considerable distance without forming a net-work. 
The dentine and cement are connected together by means of a layer composed 
of an agglomeration of transparent globules, of varying degrees of thick- 
ness. The spaces intervening between the latter (interglobular spaces) 
are irregularly notched, and frequently in very close proximity to one 
another ; they are filled with an opaque, granular, calcareous substance, and 
very often are in direct connection on one side with dentinal canals, and on 
the other side with the bone-corpuscles of the cement. Sometimes this inter- 
mediate layer is very finely granular, and the spaces between the grains are 
exceedingly small. The cement proper commences outside of this layer, and 
its canaliculi rarely come into direct connection with the dentinal canals.” 

From W. Waldeyer * I quote : “ The chief components of dentine are a very 
firm matrix, analogous to compact bony tissue, and extremely fine, frequently 
branched, fibers, — the dentinal fibers of Tomes and Kolliker, — which occupy 
fine canals, the dentinal canals traversing the matrix. The dentinal fibers 
are enormously elongated processes of the so-called dentinal cells, or cells of 
the dentinal pulp (odontoblasts). The dentinal fibers constitute the soft 
parts of the dentine. They do not lie in direct contact with the hard matrix, 
but are invested by a sheath, — the dentinal sheath of E. Neumann, — which is 
intimately connected with the matrix. As a general rule, each tube extends 
from the pulp-cavity to the enamel or cement, giving off, in its course, 
numerous delicate, transverse branches. By means of these transverse 
branches both the tubes and their contents — the dentinal fibers — anasto- 
mose with each other. In regard to the mode of peripheric termination 
of the dentinal tubuli, no positive conclusion can be drawn. It is not easy to 
decide whether the fibers are present in the finest peripheric ramifications of 
the tubules. A direct passage of the dentinal tubuli into the enamel does not 
occur.” On enamel : “It consists of rather elongated prisms, about three to 
five mm. long, which are called enamel-fibers, or enamel-prisms. The dark, 
transverse striae and slight varicosities, which, especially after the addition of 
very dilute hydrochloric acid, occur at regular distances from one another in 
the isolated prisms of enamel, are very remarkable. If the treatment with 
hydrochloric acid be continued for some time longer, the fibers split, in the 
direction of the clear transverse lines, into small cubic fragments of nearly 
equal size, three to four mm. The enamel fibers lie in close contact with each 
other, without any demonstrable intervening substance. The cuticula (per- 
sistent capsule of Nasmyth) forms an extremely resistent investment, not 
more than one-half mm. in thickness, covering the external portion of the 
teeth, and disappearing wholly when they are mature.” On cementum : “ The 
cement is a true bony structure essentially belonging to the periosteum of the 
alveolus, and in man and many vertebrates forms a thin investment of the 
fangs of the teeth.. The lacunae are for the most part large. When the 
cement is extremely thin, however, they may be entirely absent, and it then 
presents on section a perfectly homogeneous and vitreous appearance. A 
similarly very hard lamella, destitute of lacunae, occurs also in the outermost 
portion of the thick layers of cement.” 

E. Magitot t says : “ The dentine is bounded throughout its whole external 
surface by a continuous layer of dark granulations, very numerous and of 
various form. This granular layer, subjacent to the enamel and cement, was 
taken by Retzius and J. Muller for a mass of bony corpuscles, in which ter- 

* Strieker’s “Manual of Histology,” 1872. t “ Treatise on Dental Caries,” 1878. 
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minated the eanalicules. But an attentive examination shows that, although 
the granulations are continuous with the terminal extremities of the canal- 
icules, we cannot compare them to osseous corpuscles, hut that they should 
rather be regarded as minute pits sunk in the thickness of the ivory, at its 
exterior limit, to aid the communications between the tubules which permeate 
this tissue. . • . During life the dentinal eanalicules inclose a transparent, 
colorless fluid, containing, according to Hannover, calcareous matter in solu- 
tion. . . . For a long time there has been attributed to the ivory a sensi- 
bility of its own — an opinion still held by many, even in the admitted 
absence of nerve-branches, and supported by the fact that the teeth vividly 
perceive the impressions of temperature, of acids, etc., and distinguish the 
physical qualities of bodies submitted to their contact, such as grains of sand 
and hairs. This tactile sensibility, in fact, does not belong to the ivory, and 
must be attributed to the extreme facility with which this substance receives 
the least vibrations, the slightest disturbances which are given to it by 
external influences, and transmits them to the pulp, whose tissue, extremely 
rich in nerves. Alls exactly its solid shell, and thus perceives the smallest 
impressions communicated to it.” Of enamel asserts: “The layer of 
enamel surrounding the crown is composed of an inflnite number of rods, 
prismatic by reciprocal pressure, whose length is just equal to the thickness 
of the tissue at the corresponding point, and intimately united without the 
interposition of any other substance.” 

Dentine and Enamel op Deciduous Teeth. By Frank Abbott, M. D.* 

While engaged in the study of the process of dissolution of temporary 
teeth, I availed myself of the method of examination of enamel as flrst 
described by Bodeeker. Specimens of deciduous teeth, if prepared in this 
manner, exhibit, as the most striking feature, a considerably smaller amount 
of basis-substance than adult teeth. As a consequence, the dentinal canal- 
iculi are much wider, and the dentinal flbers larger ; thus, the possibility of 
seeing the minutest relations between dentinal fibers and basis-substance is 
greatly facilitated. 

I can add nothing to what Bodeeker has described in minutest details in 
reference to the structure of dentine. I could easily see the dentinal fibers 
(which, upon being stained with carmine, assume a dark red color) running 
through the canaliculi up to their bifurcations, close to the enamel. I could 
trace the lateral conical offshoots of the dentinal fibers to the point where 
they enter the basis-substance of the dentine. That the basis-substance holds 
a delicate reticulum of living matter I am perfectly satisfied, and I base my 
opinion upon my researches on caries of the teeth. 

As to enamel, I have never seen the minute relations marked so plainly in 
permanent as I find them in the temporary teeth. Here the enamel-rods are 
narrower, and the interstices between them wider, than in permanent or adult 
teeth. A power of 500 diameters of the microscope is sufldcient to show 
plainly relations visible in permanent teeth with very much higher powers 
only. As a striking feature in deciduous teeth, I often found a direct connec- 
tion of the fibers of the dentine with those of the enamel. Thus, the width of 
an enamel-rod is in full correspondence with the width of the fields of basis- 

* Abstract from the author’s paper, “ Tlie Minute Anatomy of Dentine and Enamel.” The 
Dental Cosmos, Philadelijhia, 1880. 
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substance of the dentine, after the bifurcation of the dentinal fibers, near the 
boundary between dentine and enamel. 

In preparing specimens, on several portions of the crown it happened that 
a larger portion of the enamel was ground away than was intended — so much 
so that only shreds of enamel in connection with the dentine were left. On 
one of these places delicate beaded fibers were seen isolated on their upper 
ends, while their lower ends could be traced into interstices between the 
enamel-rods, and in connection with the ends of the dentinal fibers. No doubt 
here the mechanical injury done to the enamel has luckily led to a tearing out 
of a few enamel-fibers, which accident plainly illustrates their presence. 

That enamel is not a crystal, but a tissue, — alive so long as the pulp of 
the tooth is alive, — no one, I think, will doubt who has studied caries and 
seen the pigmentation of enamel and its reaction during that process. 

Secondary Dentine. By C. F. W. Bodecker, D. D. S., M. D. S.* 

It is generally acknowledged that the main portion of a tooth is composed 
of dentine, which, on the crown, is covered by enamel. The latter is thickest 
around the cusps, and becomes thinner the nearer to the neck. On the root 
the dentine is covered by eementum, which is thinnest about the neck, and 
thickest on the apex of the root. 

Exceptionally the relations between the three hard tissues of a tooth may 
■be found to deviate considerably from the general rule, whereby an anoma- 
lous, though not strictly pathological, formation is produced. I extracted the 
canine teeth from the upper jaw of a lady forty years of age, one of which I 
split to obtain the pulp ; the other was ground thin immediately after its 
extraction, for the purpose of studying enamel. The results were as follows r 

The crown was built up by dentine terminating in the ordinary pointed 
way, and surrounded by a well-developed cap of enamel. A marked brown 
discoloration in the usual fan-like arrangement was noticeable in the enamel, 
mainly in the immediate neighborhood of the dentine, but without any decay. 
The dentine, beginning at the neck and extending down into the root, was 
divided into a broad inner portion, occupying four-fifths of the root, and a 
narrow outer portion all around, corresponding in its thickness to that of the 
eementum of normal teeth. The boundary between these two layers was 
everywhere well defined by a scalloped line, the concavities of which look 
outward. In some places several such scalloped marks ran perfectly parallel, 
close to each other. The boundary line, however, was traversed by the den- 
tinal canaliculi and their tenants without change of direction. The outermost 
portion of the dentine of the root was surrounded by eementum, not thicker 
than is seen on the necks of teeth of normal development. The eementum 
was slightly thicker on one side of the apex of the root, exhibiting there a 
scanty number of cement-corpuscles, which on all other portions were want- 
ing. The boundary between dentine and eementum was sharply defined. 
The former bore the characteristics of dentine in the vicinity of the neck, as 
the canaliculi stopped short of its surface and were replaced by a coarsely 
granular basis-substance. (See Fig. 271.) 

Nearest to the pulp-chamber there is a zone, with scanty and irregular 
dentinal canaliculi — formations which we are accustomed to call ‘‘ secondary 
dentine.” Next to this is a broader layer of dentine, in which the dentinal can- 

* Abstract of tbe antbor’s essay. The Dental Cosmos, Pliiladclpliia, 1870. 


THE TEETH. 


631 


aliculi run in bundles and in a slightly irregular, wavy course. Then we see a 
broad portion of fully developed dentine, the canalieuli of which do not reach 
the cementum, but beneath the latter are replaced by a coarsely granular net- 
work. On the outer surface appears the relatively narrow layer of cementum 
of a lamellated structure. Higher magnifying powers of the microscope give 
an insight into the minute structure of the dentine and cementum. In the 
layer of dentine the terminations 
of the dentinal fibers are seen PC 
bifurcated, and leading toward 
the light reticulum, in which we 
assume the presence of living 
matter. The lamellated cemen- 
tum is provided with a number 
of curved spindles, which in their 
general direction correspond to 
the course of the dentinal fibers, 
while the basis-substance be- 
tween the spindles appears finely 
granular. On that portion of the 
cementum of the root which is 
provided with cement corpus- 
cles a distinct boundary be- 
tween dentine and cementum 
is wanting. (See Fig. 272.) In 
this tooth, therefore, the cement- 
layer is replaced by a regularly 
developed layer of dentine, the 
former being very thin, and, with 
the exception of a limited por- 
tion, devoid of cement-corpus- 
cles. 

In the crown a conical por- 
tion, the blunt lower end of 
which binds the pulp-cavity, 
exhibits a structure which 
doubtless has all the essential 
properties of dentine, though in 
a considerably more irregular 
arrangement than ordinary den- 
tine. The regular dentine ter- 
minates almost abruptly all 
around the cone of the irregular 
dentine. On the apex of the 

latter, large, irregularly shaped, branching spaces are visible, all of which 
contain partly nucleated bioplasson formations. (See Fig. 273.) The spaces, 
and respectively their tenants, are mainly pear-shaped, with their bases 
directed toward the regular dentine, with their elongations passing into the 
irregular dentine. From the broad bases arise numerous conical offshoots, 
by means of which a direct communication is established with the dentinai 
fibers of the regular dentine, while other offshoots inosculate with analogous 
formations oh the apex, thus producing a coarse net-work. From the pointed 
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Fig. 271. — Root of an Anomalous 
Canine Tooth. 

JD, primary (lentine ; XZ>, secondary dentine, com- 
Ijosed of two zones ; _P, pulp ; C, cementum ; PC, 
pericementum. Magnified 300 diameters. 
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lower ends of the pear-shaped spaces wavy eanaliculi originate, which freely 
anastomose with each other, and traverse the whole mass of the central por- 
tion of the crown in a prevailing radiate arrangement. Their number is more 
scanty than in the regular dentine, so much so that relatively large territories 
of the basis-substance are altogether devoid of eanaliculi. The latter hold 
delicate beaded fibers of living matter, as well as the eanaliculi of normal 
dentine, with the exception that on the average the fibers of normal dentine 
are finer than those of the secondary formation. Some of these fibers are pro- 
vided with lateral conical offshoots, directed toward the basis-substance, 
which itself shows a delicate reticular structure, 
of essentially the same character as I have seen 
in regular dentine. (See Fig. 273.) 

The middle portion of the pulp-cavity is 
bounded by a narrow zone of dentine, which is 
possessed of eanaliculi in a smaller number than 
the main mass of dentine. This zone, besides, 
is characterized by a deep carmine stain, while 
the regular dentine remained almost unstained. 
The stained portion is inserted upon the regular 
dentine by means of numerous shallow excava- 
tions, and its surface is irregularly jagged toward 
the pulp-cavity. In the apex of the root the irregu- 
lar formation of dentine again is much thicker 
than in the middle portion, and provided with 
numerous roundish spaces, all of which contain 
plastids, and communicate with the irregular, 
wavy eanaliculi of the boundary layer of the 
pulp-cavity. 

In the tooth just described we have a forma- 
tion which is known by the term ‘ ‘ secondary 
dentine.” The literature of this subject is con- 
cisely presented by Carl Wedl,* * * § from whom I 
quote the following note : 

“J. Hunter t says: ‘ In teeth which are worn 
away by attrition, that portion of the pulp-cavity 
adjacent to the abraded surface becomes filled 
with a new substance, which occupies the center 
of the abraded surface, and generally is softer 
than the rest of the tissue of the tooth.’ Proehaskaf treated of the same 
subject in his ‘ Observat. Anatom, de Decremento Dentium Corp. Humani.’ 
Oudet § gives a good description of these new formations, which he divides 
into two classes — the adherent and unattached. He paid no attention to 
their histological structure. . . . R. Owen || illustrates numerous new 

formations of osteo-dentine, but does not go very deeply into the subject. 
Salter H treats of osteo-dentinal formations in addition to simple ealcifica- 



Fig. 272. — Root of an 
• Anomalous Canine 
Tooth. 

-D, dentine ; C, cementnm ; P, 
pericementum. Magnified 1000 
diameters. 


* “The Pathology of the Teeth,” Philadelphia, 1872. 

t “ Natural History of the Teeth,” 1778. 

t Adnotat. Academ. Prag, 1780. 

§ “ Dictionnaire de MCdecine,” article “ Dent,” 1835. 

II “ Odontography,” 1840-45. 

IT Guy’s “ Hospital Rei)orts,” ix. 
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tions of the pulp, ealeai’eous granular deposits. He regards them as the 
result of a pathological process. We are indebted to J. Tomes* for their 
fii‘st minute anatomical description, and to F. Ulrich, t who distinguishes in 
them two kinds of tissues — a dentinoid, an osteoid, and a combination of the 
two. Wedlt and Heider and Wedl § give further anatomical details, and the 
latter endeavor to determine the mode of development of these new forma- 
tions. R'. Hohl II furnishes a critical treatise, based upon independent inves- 
tigations, and applies to these formations the terms odontoma, osteoma, and 
osteo-odontoma. ” 

John Tomes and Charles S. Tomes IT say as follows : “ With the advance of 
age, the area of the pulp-cavity becomes gradually diminished by the slow 



Fig. 273. — Cusp of an Anomalous Canine Tooth. 


D, dentine ; SD, secondary dentine ; Pi, pear-shaped bioplasson bodies on the boundary 
between primary and secondary dentine, sending- large offslioots, 0, downward; Pi, biopias- 
son body without offshoots. Magnifled 500 diameters. 

addition of dentine to that which was formed when the tooth was in a state 
of active growth ; and this condition is still more strongly marked in those 
teeth which have been worn by mastication ; indeed, in some cases the cavity 

“A Course of Lectures on Dental Phy.siology and Surgeiy,” 1848. 
t Zeitschrift der k. k. Gesellschaft der Aerzte zu Wien, 1851. 
t Grundziige der Pathol. Histologic, 1854. 

? Deutsche Vierteljahrsschrift fiir Zahnheilkunde, 1864. 

II “ Mouographie iiber Neubildungen der Zahnpulpe,” 1868. 
ly “ A System of Dental Surgers^” Philadelphia, 1873, p. 307. 
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is almost, in others perfectly, obliterated. In either case the effect is, as 
respects the contraction of the cavity, general, bnt the local development of 
dentine continiions with the preexisting tissue is very often coincident vpith 
caries. When the crown of the tooth is attacked, the pulp very commonly 
resumes its formative functions at a point corresponding to that toward 
which the disease is advancing, and adds, as it were, a patch or plate of new 
dentine (or secondary dentine, as it is commonly called). 

S. James A. Salter* says: ‘‘Considering secondary dentine as applicable 
to all the after-formations of dentine by which the pulp-cavity is diminished or 
obliterated, I would subdivide it into dentine of repair, dentine excrescence, 
and osteo-dentine. I first suggested the arrangement in the ‘ Gruy’s Hospital 
Reports’ for 1853. Osteo-dentine and dentine excrescence are not infre- 
quently seen in teeth that are worn and exhibit dentine of repair. Dentine 
of repair, however, always forms upon that portion of the pulp-cavity next to 
the lesion, and is adherent and in direct structural continuity with the pri- 
mary dentine, whereas, osteo-dentine and dentine excrescence occur almost 
always first toward the extremity of the root, and the former is frequently 
quite detached from the remainder of the dentine. Mr. Salter asserts against 
Tomes (page 68), that ‘the circumstance of age, per se, is really not efficient 
for the production of secondary dentine ; and the fact that the teeth which 
exhibit secondary dentine are usually from aged subjects is merely accidental, 
and dependent upon the fact that it is in them that the teeth are most worn. 
Dentine excrescences are little nodules of secondary dentine, occasionally 
found attached to the interior of the pulp-cavities of teeth which may be 
otherwise healthy, unassociated with injury or other disease. Osteo-dentine 
is a form of secondary dentine in which the tissue combines the characters 
both of bone and ivory. It is usually vascular ; it is frequently arranged in 
systems around vessels, like the Haversian systems in bone, and it sometimes 
contains true lacunae.” 

C. Wedl (1. c.) accurately describes the new formations of the hard tissues 
of the teeth. When speaking of the new formations in the pulp-cavity, he 
says : “In these cases there occurs a continuous development of dentine 
within certain limits, 'determined by an irritation, and the new layers are 
deposited in immediate contiguity with the old, and in parts are intimately 
and organically united with the latter. Dentine of this description, which 
serves as a protective covering of the pulp, is called ‘ dentine of repair,’ — 
‘secondary dentine,’ as is that dentine, also, which is formed in cases of 
chronic caries upon that portion of the wall of the pulp-cavity corresponding 
to the carious locality, and projects into the carious cavity in the form of a 
spherical segment. In the latter cases, also, we find that the new dentinal 
canals are continuous with the old ; there is usually an abundant basis-sub- 
stance, and the canals are separated by quite wide intervals. A different 
structure is presented by the concentrically laminated forms, two varieties 
of which are distinguished — the simple and complex. . . . I have met with 
a few cases only of true new formations of osseous substance within the par- 
enchyma of the pulp. The greater portion of the very common osteo-dentine 
formations is composed of dentine ; the bony substance occurs in a very small 
quantity, and may consist merely of a group of a few bone-corpuscles. The 
osseous substance not infrequently attains only a rudimentary development, 
and resembles that which occurs upon the cement toward the neck of the tooth.” 

* “ Dental Pathology ami Surgery,” New-York, 1875. 
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Charles S. Tomes* says: ‘‘Secondary dentine occurs in the teeth of aged 
persons, in which the pulp-cavity is much contracted in size, and also is very 
frequently formed as a protection to the pulp, when threatened by the 
approach of dental caries, or by the thinning of the walls of the pulp- 
cavity through excessive wear.” Tomes illustrates secondary dentine 
filling up one of the cornua of the pulp-cavity from a human molar affected 
by caries, which figure closely resembles the formation I have described 
above. Tomes remarks: “It would be impossible to attempt to give any 
description of the almost endless minor modifications of the dentine 
structure.” 

From the facts recorded in dental literature, it is evident that there are 
several causes universally agreed upon as to formations of secondary dentine.. 
These causes are mainly : First, advanced age ; second, caries of the primary 
dentine ; and, third, injuries on the external surface of the tooth. 

C. Heitzmannt first drew attention to the fact that in old dogs and cats 
a number of Haversian canals in the compact bone become obliterated. This 
investigator observed that the capillary blood-vessel, which represents the last 
remnant of the medullary tissue within the Haversian canals, is finally trans- 
formed into a solid mass, which immediately assumes the character of the 
bony basis-substance. The bone-corpuscles, which under these circumstances 
are visible in the center of a Haversian system, are as a rule larger than those 
scattered within the lamellae of an earlier formation. 

If we consider the pulp-cavity as a medullary space containing blood- 
vessels, nerves, and medullary elements, around which are arranged the layers 
of dentine, enamel, and cementum, we find a coincidence of the formation of 
bone on the one hand, and of secondary dentine on the other, in advancing 
age. In both instances the medullary elements are transformed into basis- 
substance ; the nerves, probably, after having been reduced to medullary 
elements, also assisting in the formation of secondary dentine ; and, lastly, 
the blood-vessels are solidified. On an average the pulp-cavity is the smaller 
the older the person, until at last hardly any trace of the pulp-tissue is left, 
and the tooth represents an almost completely solid mass. 

Opposed to carious destruction of the crown I have repeatedly met with 
formations of secondary dentine, as described by Salter and Wedl. This 
occurred, however, only in those forms of caries which have been described 
by Frank Abbott as chronic. 

As to the irritation from without, first stated by Salter to be the cause of 
the formation of secondary dentine, I would add chronic pericementitis, which,, 
when limited to one root or to a portion of the root, leads to the formation of 
secondary dentine in the pulp-canal of the affected root. This fact strongly 
supports my assertion that the tooth in its normal condition is living, and 
irritation of the external surface may result in a new production on the corre- 
sponding inner surface of the dentine. There are instances, however, in 
which neither age nor an external injury accounts for the formation of 
secondary dentine ; and such an instance is that of the tooth above described. 

The coarser anatomical relations of secondary dentine in general are 
accurately described by C. Wedl, with whom I fully agree. In analyzing 
the manifold formations of this kind, I would divide them as follows : 

* “Manual of Dental Anatomy,” Pliilailelpliia, 1876. 

t “ Ueber Riiok- und Neubildung von Blutgefasseu in Knorpel nud Knoclien.” Wiener 
Medicinische Jalirbiiclier, 1872. 
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First. Secondary dentine resembling primary dentine. 

Second. Secondary dentine with a laminated struetiire. 

Third. Secondary dentine in form analogous to Haversian systems. This 
latter variety has been termed ‘‘ osteo-dentine.” 

Secondary dentine, with the essential structure of primary dentine, is 
evidently the most frequent occurrence. It never has the regular arrange- 
ment of the dentinal canaliculi as seen in primary dentine, but is marked 
by a lighter color, owing to the larger amount of basis-substance and the 
relatively small number of canaliculi, which at the same time deviate more or 
less from the direction of the primary canaliculi. In cross-sections of such 
secondary dentine — especially in specimens stained with chloride of gold — 
we recognize in each canaliculus a central fiber, from which delicate conical 
offshoots emanate toward the periphery of the canaliculus. The canaliculi, 
which as a rule are the wider the nearer to the pulp- 
cavity, are pierced on their periphery by light inter- 
ruptions, leading into a delicate, light reticulum 
throughout the whole basis-substance. (See Fig. 

274. ) This secondary dentine sometimes remains in 
an embryonal condition, exhibiting roundish fields of 
basis-substance, such as are visible in the dentine of 
a nine-months foetus. The medullary elements, being 
transformed into basis-substance, represent irregular 
globular bodies, between which the living matter pro- 
duces the formations known as dentinal fibers. The 
origin of these fibers will be fully understood only 
after thorough investigation of the development of 
dentine. This much is certain, that the regular fibers 
of secondary dentine are also beaded, and send lateral 
offshoots toward the basis-substance, thus indicating 
the presence of living matter in the latter. (See Fig. 

275. ) 

Formations known as “ interglobular spaces” are 
not infrequently met with in normal dentine. They 
are also quite common in secondary dentine, especially 
on the boundary between primary and secondary den- 
tine. The tooth first described furnishes beautiful samples of such forma- 
tions. Most of these are filled with bioplasson, some exhibiting nuclei. The 
offshoots are evidently fibers of living matter. Some of these, toward the 
primary dentine, are in direct communication with its fibers ; others run in 
different directions toward neighboring kindred formations, with which they 
inosculate ; others, again, after repeated bifurcation, lose themselves in the 
basis-substance. Exceptionally there occur also bioplasson bodies without 
any coarser offshoots. (See Fig. 273.) 

With higher amplification we see bioplasson bodies imbedded in lacunae of 
the basis-substance, essentially identical with the so-called “ interglobular 
spaces,” the tenants of w’hich never could have been made out in sections 
obtained from dry teeth. The plastids send larger beaded fibers in different 
directions into the basis-substance, w^hich are partly in communication with 
fibers arising from neighboring bodies. (See Fig. 27 6.) 

The second variety of secondary dentine consists of the formation of a 
lamellated basis-substance, which is traversed by irregular dentinal canaliculi. 



Fig. 274. — Dentine 
OP AN Aged Per- 
son. Cross-Sec- 
tion. 

PD, primary dentine ; 
LB, secondary dentine. 
Magnified 1000 diam- 
eters. 
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Fig. 275. — Secondary Dentine, with Globular Formations 
OP THE Basis-substance. 


PD, primary den tlue; 8D, secondary dentine, witli irregularly scattered canaliculi ; IB, 
globular bodies of secondary dentine, between which the dentinal canaliculi run, all in connec- 
tion with those of the primary dentine. Magnified 500 diameters. 

I have observed from my specimens that the lamellated structure begins close 
to the termination of the primary dentine in an almost continuous course. 
The lamellae themselves never are very regular, and produce broader and nar- 
rower layers which, as a rule, are not strictly parallel to each other. In the 
interstices between the lamellae, here and there, I have met with flat layers of 
bioplasson. The canaliculi piercing the lamellated dentine are generally very 



Fig. 276. — Secondary Dentine from Canine. 


P, bioplasson bodies with the reticular structure and offshoots ; B, basis-substance with 
the light, net-like structure. Magnified 1000 diameters. 
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narrow, and run either in a rectangular or in an oblique direction to the lamellae, 
with manifold ramifications. They invariably contain delicate beaded fibers of 
living matter, which send lateral conical offshoots toward the basis-substance, 
in a much more irregular distribution than we see in primary dentine. 

Fig. 277, which illustrates the lamellated variety of secondary dentine, 
exhibits a peculiar feature of dentinal canaliculi in the primary dentine, near 
its connection with the lamellated formation, — viz. : bifurcations of the can- 
aliculi of the primary dentine, — which otherwise do not occur except on their 
terminations near the enamel and the cementum. 

In this group I would enumerate also those peculiar formations which 
have long been known by the term of “pulp-stones.” The process leading to 
their production is by no means a mere deposition of lime-salts, but a trans- 
formation of the pulp-tissue, partly, at least, identical with lamellated dentine. 

The third, and evidently rarest, form of secondary dentine is that known 
by the term “osteo-dentine.” Formations of this kind are either peduncu- 



Fig. 277. — Lamellated Variety op Secondary Dentine. 

PD, primary deutiue ; SD, secondary dentine ; P, margin toward the pulp-cavity, with 
hay-like excavations, due to pulpitis. The lamellm of the secondary dentine are irregular and 
pierced by dentinal fibers, which are partly in direct connection with those of the primary 
dentine. Magnified 500 diameters. 

lated — viz.: in connection with the primary dentine by a stem — or they 
partly fill the pulp-cavity in the shape of a uniform layer. There is a striking 
resemblance between osteo-dentine and Haversian systems of bone-tissue. 
The systems greatly vary in size and shape, and are separated from each 
other by a tissue kindred to primary dentine, but devoid of dentinal canali- 
culi. Each system has in its center a medullary canal, containing a certain 
amount of plastids known as medullary elements — nay, in some of the sys- 
tems I have met with a central capillary blood-vessel, which has evidently 
been in direct union with capillaries of the pulp-tissue. Around the medul- 
lary canal a system of lamellse is arranged, sometimes pretty regularly, and 
the lamellae are traversed by delicate radiating canaliculi, closely resembling 
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those of bone-tissue. Only exceptionally have I seen witliin the lamella) bio- 
plasson formations analogous to bone-corpuscles. (See Fig. 278.) 

In the specimen from which I have selected a spot for illustration, the 
lamellated systems were developed in a most marked manner ; and the blood- 
vessels in the center of these systems were so regular that they suggested the 
query whether or not we had here to deal with vaso-dentine, so common in 
the teeth of fish. These formations occurred in the apex of the root, — some 
of them in the middle of regular dentine, — while the lowest systems, without 
any distinct boundary, were connected with the cementum, which latter, here 
and there, also exhibited medullary canals. 

In a large number of specimens of secondary dentine I was struck by the 
presence of bay-like excavations on the boundary of the pulp, filled with 
medullary elements or multinuclear bodies (myeloid bodies or myeloplaxes). 
The pulp-tissue exhibited all the featimes of inflammation, to which also the 



Fig. 278. — Osteo-dentine, the Third Variety of Secondary Dentine, 


_D, primary dentine; 81), secondaiy dentine; 8L, system of iamellic, resembling those of 
Haversian systems of bone; MC, medullary canal filled with bioplasson; JiC, small plastids, 
identical with bone-coi'i)uscles ; EP, erosions of osteo-dentine due to i)ulpitis. Magnified 600 
diameters. 

bay-like excavations in the secondary dentine were doubtless due. If we con- 
sider the formation of secondary dentine as the result of a slight but long- 
continued irritation, we readily understand that such an irritation may 
occasionally terminate in an inflammatory process — so-called pulpitis. The 
newly formed dentine, partly at least, will be destroyed by the inflammation, 
and thus produce a combination of both formative and destructive processes, 
so common in inflammation of bone-tissue. The presence of inflammation 
would also explain the pain which sometimes accompanies the formation 
of secondary dentine. 
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The Pulp of the Tooth. By C. F. W. Boedecker, D. D, S., M. D. S.* 

(1) Methods. The best method for the examination of pulp-tissue is to 
place the tooth, immediately after its removal from the mouth, in an aqueous 
solution of chromic acid, of one-half to one per cent, in strength, to which 
from time to time a few drops of dilute hydrochloric acid may be added. 
After a few weeks the peripheral portion of the dentine has become suffi- 
ciently soft to be cut by a razor. When, in cutting, the hard portions of the 
dentine are reached, the extraction of the lime-salts must be continued in the 
above described manner until the razor meets with the central cavity and its 
tenant, the pulp. 

Another method is to split the tooth, as soon as possible after its extrac- 
tion, with a strong pair of excising forceps. The teeth best adapted for this 
method are the incisors, canines, and bicuspids. Immediately moisten the 
exposed pulp with a solution of chloride of sodium, of the strength of about 
one-half per cent., and then remove the pulp. If the pulp is to be stained 
with carmine, haematoxylon, fuchsine, osmic acid, picro-indigo, or chloride of 
gold, etc., after its removal from the hard parts of the tooth, place it in the 
staining fluid. Among the re-agents mentioned, I have foimd but one of con- 
siderable value — viz.: the one-half per cent, solution of chloride of gold. 
This re-agent can be applied to fresh pulps as well as to very thin sections 
obtained after hardening in chromic acid. It may be allowed to remain in 
contact with the specimen for from twenty to thirty minutes. In a few days 
fresh specimens will assume a bright violet color, while sections which have 
previously been in a chromic acid solution become brownish-violet. Osmic 
acid, in a solution of one per cent., renders the contours of the constituent 
tissues, and especially those of the medullated nerve-flbers, more distinct. 
Both fresh and chromic acid specimens may be treated with it. Thin sections 
do not require more than one hour’s exposure to this re-agent, while whole 
fresh pulps may be left in it for two or three hours. Except the ammoniacal 
solution of carmine, which is known to be suitable for staining certain parts of 
the tissue, I would not lay stress upon applying any of the other re-agents 
mentioned. 

If a fresh pulp is thin enough it may, immediately after its removal from 
the split tooth, be transferred to the slide with the addition of an indifferent 
fluid, such as the solution of chloride of sodium. Fresh pulps of lower incisors, 
being the thinnest, are best adapted for examining the system of blood-vessels ; 
shortly afterward, however, the vessels fade away. Isolated pulps may be 
placed between two plates of flne cork, and thus cut into thin sections with 
the razor. 

( 2 ) The minute structure of normal pulp-tissue. If we examine a thin longitu- 
dinal or transverse section of the pulp with low powers of the microscope, we 
recognize a large number of blood-vessels and bundles of medullated nerve- 
flbers. The majority of these blood-vessels are capillaries ; the veins are less 
numerous and the arteries scarce. In many pulps we And no arteries at all, 
in others a limited number, particularly in the root portion of the pulp, and 
also in the middle of the medullated nerve-bundles. The latter mostly run in 
a longitudinal direction, but not infrequently we observe smaller bundles, or 

* Abstract of the author’s paper, “The Minute Anatomy of the Dental Pnli) in its Physio- 
logical and Pathological Conditions.’’ TUe Dental Cosmos, Philadelphia, 1882. 
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single medullated nerve-fibers, diverging from the longitudinal direction and 
running obliquely through the pulp-tissue. In transverse sections of the pulp 
it often happens that the nerve-fibers fall out, and then we see a roundish, 
empty space bounded by the sharply defined external perineurium. The 
absence of an endothelial coat renders such spaces easily recognizable in 
contradistinction to blood-vessels. 

The main mass of the pulp is composed of a delicate fibrous reticulum, 
containing a large number of bright, shining corpuscles. Longitudinal sections 
in many instances exhibit delicate fibrous bundles scattered throughout the 
reticular sti’uctirre of the pulp, mainly in the neighborhood of larger blood- 



Fig. 279. — Pulp op a Molar. Longitudinal Section. 

AT, myxomatous tissue; V, vein; N, bundle of medullated nerve-fibers; G, capillary 
blood-vessel; B, granular layer of basis-substance ; F, non-medullated terminal nerve-fibers ; 
O, layer of odontoblasts. Magnified 200 diameters. 

• 

vessels and nerve-bundles. Pulps composed of a fibrous connective tissue 
only are exceptional, and, without relation to the age of the person, very 
probably the result of morbid processes. Toward the outer surface of the pulp 
the reticular structure, as a rule, is denser than in the middle portions. This 
peripheral part is surrounded by a wreath of elongated formations, arranged 
in a radiating manner, the so-called odontoblast layer.” (See Fig. 279.) 

Higher amplifications of the microscope reveal a minute reticular structure, 
consisting of delicate fibers, or anastomosing bioplasson cords, with very 

41 
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small, oblong mielei at tbeir points of intersection. The meshes either look 
pale and finely granular throughout, or contain a bright yellowish, either 
homogeneous or granular, body of the size of a nucleus. The number of the 
latter formations greatly varies in different pulps. Where bundles of a fibrous 
tissue traverse the reticulum, the latter blend with the former. 

In longitudinal sections the medullated nerves show the well-known fluted 
double contour — the sheath of Schwann. It exhibits delicate oblong or 
spindle-shaped nuclei. External to this we observe a delicate layer of fibrous 
connective tissue, the “ internal perineurium.” In cross-sections of the nerve- 
bundles more or less circular groups of medullated nerve-fibers are seen, each 
of which in its center exhibits the axis-cylinder in the shape of a roundish, 
glistening dot. Not infrequently capillary and arterial blood-vessels are met 
with between the nerve-fibers. 

As to lymphatics of the pulp, I can say that in some specimens I have seen 
branches of vessels of the size of veins without an adventitial coat, being 
composed of large, flat, and slightly protruding endothelia. 

At the periphery of the pulp the delicate reticulum constituting the pulp- 
tissue is very dense ; here we meet with narrow capillary blood-vessels only. 
The outer surface of this layer is often uniformly granular, and bounded by 
radiating rows of shining corpuscles. 

In chromic acid specimens stained with carmine, or, still better, in those 
treated with chloride of gold, high amplifications (1000 to 1200 diameters) 
reveal an extremely minute reticular structure pervading all formations of 
the pulp. Starting from the center of a mesh of the myxomatous tissue we see 
a nucleus, either homogeneous and apparently destitute of structure, or of the 
appearance of a vesicle with a distinct bright wall. Inside the hollow nucleus 
we see a varying number of bright granules interconnected with each other, as 
well as with the inclosing wall, by means of delicate filaments. Such filaments 
connect also the nucleus with the extremely delicate grayish reticulum in the 
light basis-substance contained in the mesh. This reticulum in the basis-sub- 
stance is recognizable even though the central nucleus be absent. The 
fibrous or bioplasson net-work which incloses the mesh-spaces also shows a 
delicate reticulum in connection with the nuclei at the points of intersection. 

The formations at the periphery of the dental pulp, termed odontoblasts, 
under high amplifications exhibit the following : Elongated fields, somewhat 
resembling epithelia, border the pulp in a radiating direction. Each field may 
appear in the shape of a granular bioplasson, or in that of basis-substance, in 
either of which oblong nuclei are imbedded in varying numbers. The nuclei 
exhibit coarse granules and a dense reticulum of living matter. The bioplas- 
son bodies are separated from each other by delicate light rims, in which we 
see sometimes broad, sometimes delicate, transverse fibrillas in connection 
with the reticulum of the neighboring formations. The bioplasson bodies or 
odontoblasts furnish the matrix for the basis-substance of the dentine, while 
the dentinal fibers, being formations of living matter, originate between the 
odontoblasts. 

The medullated nerve-fibers, upon approaching the periphery of the pulp, 
become destitute of their myeline sheath, and, now being bare axis-cylinders, 
branch into numerous extremely delicate beaded fibrill® — the “axis fibrillse.” 
These terminate, with knob-like extremities, in the granular layer beneath 
the odontoblasts, or they penetrate the light rims between the rows of the 
odontoblasts, and are connected with the latter by means of delicate conical 
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spokes. Whether the nerve-fibers directly inosculate with the dentinal fibers, 
I am unable to say ; but I can positively maintain that an indirect connection 
of the two is established by the intervening reticulum of living matter. (See 
Fig. 280.) 

The results of my researches of normal pulp are as follows : 

1. The dental pulp is a variety of connective tissue termed myxomatous, rep- 
resenting its embryonal form. Pulp-tissue, therefore, is a remnant of embryonal 
tissue, and kindred to the formations termed “adenoid tissue.’^ 

2. The myxomatous tissue of the pidp is intermixed with a delicate, fibrous con- 
nective tissue in varying amount. Ptdps 

entirely, or nearly, built up by fibrous 
connective tissue are 7iot to be cotisidered 
physiological. 

3. The pulp-tissue- is traversed by a 
system of blood-vessels — viz. : arteries, 
veins, and capillaides. Arteries, however, 
are not invariably found. Lymphatics in 
small numbers are also pi'esent. 

4. 2'he pulp-tissue is richly supplied 
with nerves, tvhich as bundles of medidlated 
7ierve-fibers traverse the myxomatous tissue. 

Toivard the periphery of the pulp they be- 
come non-medullated, and terminate as 
minute beaded fibrillce in knobs or between 
the odontoblasts. 

5. The odontoblasts, at the periphery 
of the pulp, are rows of bioplasson forma- 
tions, in part with nuclei — i. e., medullary 
corpuscles — such as we see xvherever a new 
tissue ai'ises from a former. 

6. The dc7itinal fibers originate between 
the odontoblasts. Being formations of liv- 
ing matter, they are m direct connection 
with the reticulum of living matter ; first 
of the odontoblasts, and afterward of the 
basis-substance of the dentine. The con- 
nection between ultimate nerve-fibrilla} and 
the dentinal fibers is very probably indirect. 

Pulpitis. I have examined a large num- 
ber of specimens of pulpitis, but have 
not met with this process unless in pulp- 
chambers more or less reduced in their caliber by a new formation of secondary 
dentine. If pulpitis occurs at all without the previous formation of secondary 
dentine, this must be rare. Even where primary dentine is invaded by the 
inflammatory process, traces of secondary dentine are visible scattered along 
the pulp-chamber, and the probability is admissible that the secondary dentine 
has been destroyed by the inflammation to a great extent before the primary 
dentine was reached. 

The main characteristic of this process is the appearance of a large number 
of inflammatory or medullary corpuscles in the pulp-tissue. These corpuscles 
arise from the bioplasson formations as well as from the living matter hidden 



Fig. 280. — Pulp of a Temporaky 
Molar. Stainei) with Chlo- 
ride OP Gold. 

M, myxomatous tissue ; O, rows of 
medullary coi’imscles — so-called odonto- 
blasts; Z>, dentine; dentinal libers; N, 
terminal, non-medullated nerve -libers. 
Magnilied 1200 diameters. 
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in the basis-substance. Where before a fibrous reticulum was visible contain- 
ing in its meshes a basis-substance with central nuclei, in the earliest stage.s 
of inflammation numerous plastids are seen, either closely packed together in 
clusters or separated from each other by layers of a granular bioplasson. 

The process of inflammation in many instances does not invade the whole 
of the pulp at the same time, but only in part. 

The manner in which the inflammatory corpuscles make their appearance is 
as follows : Portions of living matter of either the myxomatous reticulum and 
its nuclei, or of the basis-substance (evidently after its liquefaction), grow into 
shining homogeneous lumps, from which nucleated plastids arise by a differen- 
tiation of the living matter into a reticulum. The living matter of the nerve- 
fibers likewise furnishes material for the formation of inflammatory corpuscles, 
which in slight degrees of this process are traceable in the shape of longi- 
tudinal rows. In higher degrees even these reminders of former nerve- 
bundles are lost. The blood-vessels soon perish on a large scale. Even in the 
early stages of pulpitis we have difficulty in tracing blood-vessels, as most of 
them are either compressed or made impermeable by a process of solidification 
and splitting into inflammatory corpuscles. Where blood-vessels are seen 
unbroken, they appear considerably dilated and engorged with blood-corpus- 
cles. The arteries resist the destruction for the longest period of time. An 
artery in one of my specimens, cut transversely, shows the concentric layer 
of smooth muscles, divided into small lumps, and in its caliber a large num- 
ber of inflammatory corpuscles, which have evidently sprung from prolifera- 
tion of the endothelial coat. 

As the process of pulpitis advances, at first the secondary and afterward 
the primary dentine is destroyed to a greater or less extent. The solid basis- 
substance of the dentine is at first deprived of its lime-salts, after which the 
gluey portion'is liquefied. This process invariably takes places in the globu- 
lar territories of the dentine, and by coalescence of such territories bay -like 
excavations originate in the dentine, at first with faint outlines, and afterward 
sharply defined from the calcified basis-substance. In consequence of the lique- 
faction, the original bioplasson condition of the dentine is reestablished. If 
the inflammatory process is slow or chronic, it may happen that from a former 
territory of dentine, by a process of recaleification, a territory of bone is formed, 
in the center of which we recognize an oblong branching bone-corpuscle. This 
formation, however, is rather exceptional. The rule is that the bioplasson 
filling a bay-like excavation becomes supplied with a number of new nuclei, 
thus representing the stage of a multinuclear body. Such a mass splits into 
a large number of inflammatory corpuscles, the sum total of which, in the bay- 
like excavations as well as in the pulp-tissue proper, establishes a condition 
termed inflammatory inflltration. (See Fig. 281.) In milder forms of inflam- 
mation the pulp-tissue, although considerably changed, still remains a tissue, 
viz., as long as the delicate filaments of living matter interconnect the single 
inflammatory corpuscles with one another. Should the inflammatory process 
abate at this stage, the tissue may proceed to the formation of a new basis- 
substance. Every variety of connective tissue, once inflamed, becomes a fibrous 
or cicatricial tissue. It is quite possible, therefore, that the few pulps I have 
met with exhibiting the structure of fibrous connective tissue, and scantily 
supplied with blood-vessels, are the products of a former inflammation. It is 
also probable that an advance to the formation of other tissues found in the 
pulp, such as dentine and bone, is the result of a slight inflammatory condi- 
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tion, which did not extend above the stage of hyperplasia or hypertrophy. In 
a few specimens of mainly fibrous structure, I have seen the bundles of 
medullated nerve-fibers transformed into rows of fat-globules. 

Should the inflammation reach a high degree, the inflammatory corpuscles 
will become separated from each other, — torn apart, — and the result is the 
formation of pus, which, as a matter of course, is no subject of microscopical 
research. An intense inflammatory process very soon may lead to an engorge- 
ment of the afferent vessels and their strangulation by pressure, in this 
instance, death and putrefaction of the inflamed pulp will ensue. 

Calcification and TFaxi/ Degeneration. Deposition of lime-salts in the pulp- 
tissue is very common. It presents itself in the shape of globular, elongated, 
or irregular formations, of a more or less lobate surface and a high degree of 
refracting power. The age of the person a2iparently has nothing to do with 



Fig. 281 .— Pulpitis. 


8, secoiulary dentine; B, Lay-llke excavations filled with medullary or inftammatory 
corpuscles; M, mnltinuclear body; V, blood-vessel in transverse section. Magnified 800 
diameters. 

the calcification of the pulp. I have numerous specimens of calcified pulps 
from apparently sound bicuspids and first and third molars of young persons, 
which were extracted on account of irregularity or want of room. Some 
of the wisdom teeth were removed when only one or two of their cusps 
had pierced the gums ; still, their pulps exhibited calcareous depositions, as 
well as ebnrnifications. 

Pulps containing a larger number of calcified spiculie, as a rule, exhibit 
more fibrous connective tissue than myxomatous. Around the calcareous 
masses invariably a dense ensheathing layer of fibrous connective tissue has 
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formed. Wliere these masses had fallen out, an empty, fibrous sac is left 
behind. (See Fig. 282.) I am unable to observe any positive connection 
between the blood-vessels and the calcified masses ; though sometimes a 
capillary blood-vessel maybe attached to the capsule ensheathing the calcified 
mass, or it may occur that a capillary vessel is dilated like a small aneurism, 
and contains a calcified mass. 

A peculiar change of the pulp-tissue, which I have observed both with and 
without calcifications, is much rarer. It consists of a transformation of the 
myxomatous tissue into a shining, nearly homogeneous, mass, devoid of a dis- 
tinct demarcation toward the unchanged tissue of the pulp. In this homoge- 
neous mass, which may vary greatly in extent, we recognize granular, stringy 
formations, and sometimes smaller bundles of nerve-fibers, not noticeably 
changed in their structure. In some instances, the nerve-fibers within such 
fields were dark and coarsely granular, as if composed of crumbs. 



Fig. 282. — Calcification of Pulp. 

C, calcareous depositions in fields corresponding to former medullary corpuscles ; M, med- 
ullary corpuscle not infiltrated with lime-salts ; P, plastid in tlie middle of tlie calcified mass ; 
F, capsule of fibrous connective tissue. Magnified 500 diameters. 

All I can say as to the re-agents applied is that the homogeneous mass 
stains readily with carmine. 

Changes of tissues of this character are common in different organs, espe- 
cially in the spleen, the liver, and the kidneys. They always indicate a low 
degree of nutrition, and are said to be especially caused by syphilis. This 
change bears the name of “ amyloid or waxy degeneration.^^ Its nature, how- 
ever, is far from being known. 

Dcntinification, Eburnification, and Ossification. It was necessary to offer 
new terms for the designation of a process which, although known for many 
years, never has been fully understood. I refer to the new formations of den- 
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tine in the middle of the pulp-tissue, independent of the dentine composing 
the walls of the pulp-chamher — the so-called ^‘pulp-stones.’’^ They, as is well 
known, may be found either in connection with the dentine proper, by means 
of a pedicle, or loosely imbedded in the connective tissue of the pulp. 

Most of these formations are composed of dentinal tissue, in the form 
termed secondary dentine. Rarer occurrences are those exclusively con- 
structed of a laminated bone-tissue. Somewhat rarer are combinations of 
both dentine and bone-tissue. The rarest are new formations of dentine 
strictly identical with primary dentine. 

1. Pulp-stones of the Character of Secondary Dentine. The characteristic 
feature of this variety is the presence of dentinal canaliculi irregularly scat- 
tered throughout the calcified basis-substance. Sometimes the canaliculi 
assume a tolerably well-marked radiation ; at other times, large masses of cal- 
cified basis-substance are destitute of canaliculi, which, in scanty bundles, are 



Fig. 283.— Ebubnification of the Pulp. 


X, irregular lamellse, traversed By radiating dentinal canaliculi; CC, concentrically sti'i- 
ated globules (osteo-dentine). Magnifled 300 diameters. 

present toward the periphery of the pulp-stone. All the three varieties of 
secondary dentine (see page 636) may be found. Portions of the basis-sub- 
stance, especially toward the periphery, may exhibit delicate concentric lam- 
inations. In the middle of an apparently homogeneous basis-substance, small, 
lamellated territories may occur, containing a central corpuscle with branch- 
ing offshoots somewhat resembling a bone-corpuscle. In sections of one 
pulp-stone I have found numerous concentrically laminated territories, with 
either distinct or indistinct bioplasson formations in their centers. The mass 
between the territories was partly granular, partly composed of a tissue, like 
secondary dentine, with irregular canaliculi. Here and there medullary 
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spaces were seen traversing the tissue, from which, evidently, the new forma- 
tion of the territories had started. This variety is regular osteo-dentine. 
(See Fig. 283.) 

2. Pulp-stones Composed of Regularly Developed Lamellated Bone. I have 
ohseiw^ed pulps almost exclusively composed of a dense, fibrous connective 
tissue, the bundles of which were interlacing, so as to establish a regular 
cicatricial connective tissue. Scanty nerve-bundles and blood-vessels trav- 
ersed this tissue, which in some places appeared to be more or less crowded 
with medullary or inflammatory corpuscles. In such fibrous pulps I have seen 
formations of fully developed bone-tissue, composed of more or less regular 
lamellsB, or of calcified fibrous lamellae. In them a lar^e number of in-egular 
branching bone-corpuscles were seen, arranged in rows or chains, where the 
basis-substance was of a more fibrous character. Sometimes the bone-tissue 


Fig. 284.— 


Ossification op the Pulp. 


L, longitudinal; T, transverse sections of bundles of cicatricial fil)rous connective tissue : 
P, spiculsB of lamellated bone, with regularly develojied bone-corpitscles. Magnified 500 
diameters. 


appeared in lamellated islands, sharply marked from the smrounding fibrous 
tissue. No formation of secondary dentine was found in these cases. (See 
Fig. 284.) 

3. Pulp-stones Composed of a Mixture of Regular Bone and Dentinal Tissue. 
In rare instances I have met with pulp-stones composed of partly secondary 
dentine and lamellated bone, in snch a way that irregularly bounded masses 
of bone contained a few large bone-corpuscles, and were surrounded by a 
basis-substance which held exclusively irregular, wavy, dentinal canaliculi. 

4. Pulp-stones Composed of Dentine, with the Features of Primary Dentine. 
One of the pulp-stones which I examined was a mass about the size of a pea. 
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and built up by dentine. The canalieuli of this dentine are parallel, and 
between them is a finely reticular basis-substance, arranged as in the primary 
dentine of temporary teeth — i. e., poorly supplied with lime-salts. The den- 
tinal canalieuli are very wide ; the basis-substance between them, on the con- 
trary, is narrow. The regular dentine toward the periphery of the pulp-stone 
is boimded by a narrow zone, which exhibits the structure of secondary den- 
tine. This again blends with a still 
narrower one composed of an indis- 
tinctly lamellated bone-tissue, with 
scanty but large bone-corpuscles. 

The bony layer is followed by the 
bounding layer of the specimen, of 
a granular appearance, containing 
scanty, angular or spindle-shaped 
bioplasson bodies and a few den- 
tinal canalieuli. (See Fig. 285.) 

C. Wedl is of opinion that these 
formations arise from an inversion of 
the odontoblasts into the middle of 
the pulp-tissiie, believing that den- 
tinal canalieuli can only be formed 
by odontoblasts. My observations 
demonstrate that the odontoblasts 
are nothing but medullary corpus- 
cles arranged in rows. In the pres- 
ent gtage of our knowledge we have 
no reason to assume that the medul- 
lary corpuscles of the periphery of 
the pulp are specifically destined for 
the formation of dentine. It is just 
as admissible to assume that the 
blood-vessels in the pulp furnish a 
certain variety of pabulum to the 
medullary corpuscles, and under the 
influence of this material they will 
be transformed intd the tissue of 
dentine. Should medullary corpus- 
cles, in consequence of a slight irritation or an augmented afflux of nourish- 
ing material, arise in the middle of the pulp, they may also produce dentine 
oh bone. The . laws, however, which control the new formation of tissues 
are as yet far from being understood. 

History. G. Proehaska * first described that, when by attrition the teeth on 
their upper surfaces are worn, there is within the pulp-chamber just as much 
new material produced as there is worn away on the outer surface. 

Rousseau t found “ osteoids” and “ bony gi*owths” in the pnlp-cavity, but 
states that Bertin has known this before him. 

A. Nasmyth t says: “Much diversity of opinion has already existed 
respecting the connection of the pulp with the ivory of the tooth, and as to 

* “Oper. Minor. Anat. Physiol, et Pathol. Arg.” Par.s. ii., Viennae, 1780. 

t “ Anat. Comp, dn Syst. Dent. Chez I’Homme et Chez les Princ. Animanx.” Paris, 
1827. 

t “Researches on the Development, Structure, and Diseases of the Teeth.” 1849. 



Fig. 285.— Dentinipication of the 
Pulp. 


FJ), layer of primary dentine; SD, layer of 
secondary dentine ; O, layer of lamellated hone- 
tissue ; (?, granular layer toward the pulp- 
tissue. Magnified 600 diameters. 
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whether the ivory he simply a product of the pulp, or a transformation of its 
substance.” “ The formative surface of the pulp displays a regular cellular 
arrangement. The radiating rows of cells are surrounded by a well-defined 
scalloped border, from which occasionally processes are observed to project 
at regular intervals.” This author also describes and illustrates several cases 
of ossification of the pulp. 

Kolliker * noticed new formations of dentine and cement on the walls of 
the pulp-cavities of teeth. 

L. S. Beale t maintains as follows ; The tissue of the pulp, it must be 
distinctly borne in mind, is not converted into dentine ; neither does dentine, 
nor the tissue from which it is formed, exhibit any characters which justify us 
classifying it with the connective tissues. I agree with Kolliker that the den- 
tinal cells are the only active agents concerned in the formation of dentine, 
but cannot regard the canals as direct processes of the whole dentinal cells, nor 
admit that the matrix is an intercellular substance.” “ The mass of the pulp 
is composed of a simple form of connective tissue, with numerous oval and 
triangular corpuscles (germinal matter) not unlike that of which the mucous 
tissue of the umbilical cord consists.” 

R. J. Hulme t gives a good description of the new formations in the pulp- 
cavity. He names four varieties, viz. : secondary dentine, dentine of repair, 
osteo-dentine, and nodular dentine, but he is of the opinion that the term 
secondary dentine would suffice for all varieties. 

E. Hohl § says that new formations of dentine are found within the soft 
tissue of the pulp as well as on its periphery in connection with the pri- 
mary dentine. The microscopical structure of these formations presents the 
following deviations from normal dentine : the canaliculi run in all directions ; 
now and then they enlarge like a sac, or terminate in large holes, which, how- 
ever, ought not to be regarded as bone-corpuscles. Osteo-odontomes are 
mixed formations, and show dentine in one and cement in another place. 
Osteomata are found both free and adhering to the walls of the pulp-cavity. 
The contents of the bone-cells, he believes, is a clear liquid, although in some 
places it looks granular. 

Franz Boll H maintains as follows: ‘‘An examination of a specimen of 
pulp-tissue by 500 diameters will exhibit, besides the numerous medullated 
nerve-fibers, a large quantity of peculiar, silk-like, shining fibrillse, which 
prove to be non-medullated nerve-fibers. The transition of medullated 
into non-medullated nerve-fibers goes on quite gradually ; the latter at first 
exhibit alternate expansions and constrictions in their diameters ; soon they 
appear as naked, homogeneous axis-cylinders. The peripheral portion of 
the pulp is composed of a continuous layer of elongated cells, which, by long 
processes extending into the dentinal canaliculi, adhere to the dentine. If 
this film adhering to the wall of the pulp-chamber is carefully scraped off 
and brought under the microscope, we observe that it, besides the peripheral 
cells, contains some portions of the pulp-tissue. In these we notice a large 
number of non-medullated nerve-fibers, after teasing the specimen with fine 
needles. Some of these course between the peripheral cells. Although I 

* “ Gewebelelire,” iv., Aufl. t “ On the Structure and Growth of the Tissues,” 1865. 

t “On Calcification of the Dental Pulp.” Transactions of the College of Dentists of 
England, 1861. 

5 “ Deher Neuhildungen derZahnpulpe.” Halle, 1868. 

II “Archiv. f. Mikroskop. Anatomic, ” vol. iv., 1868. 
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can furnish no direct proof, I consider the prolongation of the nerve-fibers 
into the dentinal canaliculi as certain, the direction of the ends of the nerves 
being parallel with the canaliculi. In the dentine near the pulp, we have, 
therefore, to assume two varieties of canaliculi : those containing the proc- 
esses of the peripheral cells of the pulp, and others, which receive the minute 
nerve-fibers emanating between these cells.” 

J. Bruck, Jr.,* says that the structure of dentinal new formations is iden- 
tical with normal dentine, with the difference that in the former the canaliculi 
assume a radiating arrangement and a wavy course. Such new formations 
are found not only in carious, but frequently in healthy, temporary and per- 
manent teeth. He states that all formations which previously have been 
described as depositions of lime-salts within the pulp are nothing else but 
new formations of dentine. Dentinal tissue may develop not only from the 
odontoblasts, but from any cell of the pulp-tissue. 

John Tomes t asserts that the odontoblasts are in actual contact with one 
another, and there is no room between them for an intercellular substance. 
The most external portions of the odontoblasts undergo a metamorphosis into 
a gelatigenous matrix, which is the seat of calcification, while their most cen- 
tral portions remain soft and unaltered, as the fibrils. According to this view, 
the fibril, the sheath, and the matrix are but three stages in the development 
of the same tissue. 

Carl Wedl t says that the outer surface of the pulp is covered with conical 
cells, — the odontoblasts, — from the broad faces of which, directed outward, 
comparatively thick processes extend ; these enter the dentinal canals. The 
basis-tissue of the pulp consists of a loose connective tissue. The greater 
portion of the very common osteo-dentinal formations is composed of dentine ; 
the bony substance occurs in a very small amount, and may consist merely of 
a group of a few bone-corpuscles. With regard to the development of these 
isolated, encysted new formations, Heider and I have maintained the view of 
the occurrence of an inversion of the layer of dentinal cells. The calcareous 
grains are true concrements, and occur in connection with hard new for- 
mations, but never enter into organic union with the original dentine. They 
are located within the parenchyma of the pulp, and are calcifications in the 
connective tissue. 

According to Waldeyer§ on the odontoblasts, which are arranged so as to 
form a kind of columnar epithelium, three kinds of processes may be distin- 
guished : the dentinal process, the pulp process, and the lateral processes. 
The first constitutes the dentinal fiber. The odontoblasts are intimately con- 
nected with each other by means of fine, short teeth, which the lateral processes 
of all dentinal cells form. 

S. J. A. Salter 11 says: “ A very pale, ill-defined, areolar tissue, pervaded 
by numerous round and oval cells or nuclei, occupies the spaces between the 
vessels and nerves. The cellular bodies toward the surface are enlarged and 
assume the form of columnar epithelium. From their extremities project 
minute tubular prolongations, which constitute the animal basis of the dentinal 
tube-wall.” 

“ Beitriige zur Histol. iinrt Pathol, d. Zahni)ulpe,” Bre.slau, 1871. 

t “System of Deutal Surgery,” 1873. 

t “The Pathology of tlie Teeth,” Philadelphia, 1872. 

^ “Manual of Histology,” hy S. Strieker, New-York, 1872. 

II “Dental Pathology and Surgery,” New-York, 1875. 
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C. S. Tomes* says : ^‘The pulp may be described as being made up of 
a mucoid, gelatinous matrix, containing cells in abundance, wliicb are espe- 
cially numerous near its periphery. In it some fibrous connective tissue is dis- 
coverable. The odontoblast layer is sometimes called the membrana eboris. 
The odontoblasts are furnished with three sets of processes,” etc., like Wal- 
deyer. “ The exact nature of the terminations of the nerve-fibers is not 
known.” 

Adolph Witzelt asserts that the odontoblasts, at their free extremities, 
exhibit thick prolongations, and in their finely granular protoplasm contain 
one or two nuclei. The new formations of dentine are composed of a finely 
granular or lamellated basis-substance, in which dentinal eanaliculi are pres- 
ent, etc. 

The Pericementum. By C. F. W. Bodecker, D. D. S., M. D. S. t 

(A) Forms and Development. The pericementum (root-membrane or alveolo- 
dental periosteum, etc.) is a formation of connective tissue, identical with the 
periosteum which covers all bones. It consists of a layer interposed between 
the roots of‘the teeth and their corresponding bony alveoli, and is common to 
both. It is continuous with the connective tissue — the so-called submucous 
layer of the gum — and with the periosteum of the maxillae. Its fibers are 
connected with the cementum of the root as well as with the wall of the alve- 
olus. A few writers have described the pericementum as a double membrane, 
one of which belongs to the root, the other to the alveolus ; but I have not 
been able to see anything that justifies such a separation. Only in a few 
specimens have I seen, close around the root, a thin layer of very dense and 
fine fibers, the general direction of which was not fully identical with that of 
the connective tissue which produces the main mass of the pericementum. 

The course taken by the connective-tissue bundles is slightly wavy and 
oblique, starting from the cementum and running upward toward the alveolus. 
The bundles of this tissue are very dense, without many decussations. The 
parallel direction of the bundles begins to change into a diverging one at 
about the height of the border of the socket, where the bundles become 
coarser, decussate, and thus produce the elastic connective-tissue cushion 
termed the gum. 

From the anatomical disposition of the peificementum conclusions may be 
drawn as to its physiological action. It is obvious that the relatively soft and 
elastic layer between the two bony formations — cementum and alveolus — is 
designed to lessen the concussion upon the jaw-bones during mastication. 
The oblique direction of the connective-tissue bundles is the most favorable 
for the suspension of the tooth within its socket, as the bundles correspond to 
the funnel shape of the socket, in the center of which is situated the conical 
root of the tooth. The elasticity of the layer of pericementum admits of a 
slight degree of motion of the roots ; hence we understand the formation of 
facets on the proximate surfaces of the crowns of the teeth in crowded maxil- 
lary arches. 

My specimens represent two varieties of pericementum — one of a reticu- 

* “ Manual ot Dental Anatomy,” Pluladelplila, 1876. 

t “ Die autiseptisclie Behandluug der Pulpa-Kranklieiten,” Berlin, 1879. 

t Extracted from the essaj', “ On Peiicementinn and Pericementitis.” The Dental Cosmos, 
Philadelphia, 1879-80. 
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lar structure, termed myxomatous ; the other is altogether fibrous. The 
myxomatous variety I have met with, as a rule, in young individuals. It con- 
sists of delicate fibers, or bundles of fibers in a net-like arrangement, which, 
in many instances, are supplied with round or oblong nuclei at the points of 
intersection. The meshes contain either a hyaline, apparently structureless, 
sometimes finely granular, basis-substance, or they hold plastids provided 
with a varying number of nuclei. The nearer to the cementum, the narrower 
is the myxomatous reticulum, and the smaller, therefore, are the inclosed plas- 
tids. The latter, in the immediate vicinity of the cementum, stand in more or 
less regular rows, entirely analogous to the bioplasson bodies around the 
developing bony tissue, known, since Gegenbaur, as “ osteoblasts.” Some of 
the meshes of the myxomatous tissue are considerably larger, and contain 
multinuclear bodies. Other meshes hold fat-globules, which, in specimens 



Fig. 286. — Pericementum op Myxomatous Structure. 

Z>, (Uiutiiie; C, cemeiitinn of neck ; P, x^ericementuin ; Ilf, nmlti nuclear bod ; F, capillary 
blood-vessel ; F. fat-globule with a vacuole. Magnified 600 diameters. 

preserved and hardened in a solution of chromic acid, very often contain 
closed spaces — so-called vacuoles. The myxomatous reticulum is traversed 

by numerous blood-vessels, mainly capillaries and veins, some of which can 
be seen entering the medullary spaces of the compact bone of the wall of the 
alveolus and in connection with the capillary system of the cancellous portion 
of the alveolus. I have met with but few nerve-fibers in my specimens. (See 
Fig 286.) 

High amplification of the microscope plainly demonstrates the delicate, 
reticular structure of all plastids, the reticulum being visible not only in the 
contents of the meshes, but also within the fibers of the myxomatous reticu- 
lum. The latter feature is recognizable best on specimens deeply stained 
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with chloride of gold. The apparently structureless, or indistinctly granular, 
myxomatous hasis-suhstance, held in the meshes of the myxomatous reticu- 
lum, proves to be a reticular structure, just as well as the bioplasson itself. 

The second variety of pericementum is built up by fibrous connective 
tissue, which prevails in adults and persons of advanced age. The bundles 
of the fibrous connective tissue may be uniform in width throughout the 
whole pericementum, or there exists a zone of myxomatous or indistinctly 
fibrous character close around the cementum. The bundles are built up by a 
number of fibers which hold a varying amount of plastids — as a rule, more 
numerous the nearer to the cementum. On the latter there may be found 
rows of osteoblasts or scattered bioplasson bodies alternating with bundles of 
a delicate connective tissue, which are directly attached to the cementum. 
In a few instances I have seen rows of osteoblasts, the refracting power 
of which was considerably augmented. Such corpuscles looked shining and 
structureless, evidently on account of a deposition of lime-salts. The fibrous 
variety of the pericementum also contains fat-globules, sometimes in a sur- 
prisingly large quantity. 

High magnifying powers of the microscope reveal a structure of the fibrous 
connective tissue, as follows : The fibers, a certain number of which combine 
in the formation of a bundle, are delicate spindles, directly connected with 
each other at their pointed ends. These spindles are separated from each 
other by a narrow layer of a light cement-substance. The interstices between 
the spindles are traversed in a vertical direction by extremely minute threads 
every way analogous to the thorns in the cement-substance surrounding epi- 
thelial elements. These threads, in many instances, are visible in specimens 
hardened by the chromic acid solution ; they become very plain when thin 
sections have been immersed in a half per cent, solution of chloride of gold 
for one or two hours, or until the specimen has assumed a dark violet color. 
If the stain be complete, we also recognize that the spindles are not homoge- 
neous, as they look in fresh, unstained specimens, but are rather traversed by 
a delicate, dark violet reticulum, the points of intersection of which are 
slightly thickened, and thus represent granules. (See Fig. 287.) 

Between the spindles of the basis-substance plastids are seen — the so- 
called ‘‘connective-tissue cells.” Some of these bodies exhibit shining, com- 
pact, oblong nuclei, with a certain amount of surrounding bioplasson, while ' 
others are devoid of nuclei, and split into spindle-shaped or polygonal lumps, 
which in size and shape fully correspond to the elementary formations of the 
fibrous basis-substance. In some instances, between the cementum and the 
osteoblasts there is interposed a small layer of fibrous basis-substance in the 
shape of delicate, slender spindles. 

In its juvenile condition the pericementum represents a myxomatous 
connective tissue, the fibrous portion of which is comparatively scanty, while 
the bioplasson portion prevails. In this instance two varieties of basis-sub- 
stance occur, viz.: the fibrous, building up the reticulum, and the myxo- 
matous, filling a certain portion of the meshes. This condition arises from 
the indifferent or embryonal tissue, not only in the pericementum, but in all 
formations of connective tissue which, when fully developed, exhibit a fibrous 
structure. The only way to explain the formation of the myxomatous tissue 
is, that a part of the substance constituting the embryonal elements remains 
unchanged, a part is transformed into spindles of the myxomatous reticulum, 
and a part into myxomatous basis-substance. 
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The final result may be, especially in pericementum, either a jelly-like 
myxomatous, or a solid, fibrous basis-substance. The living portion, at all 
events, remains untouched by the chemical alteration of the lifeless fluid. 

On this theory the transformation of the myxomatous tissue of juvenile into 
the fibrous tissue of adult age is easily explicable. We only need assume a 
dissolution or liquefaction of the already formed basis-substance in order 
to understand the reappearance of the embryonal condition at a certain 
stage of development. The myxomatous tissue as such never changes 
directly into a fibrous one, but must first be reduced into its embryonal 
or bioplasson condition, and from this in turn fibrous connective tissue may 
arise. The latter process is explained by the splitting and elongation of the 
plastids into spindles vrhich become solidified ; in other words, the lifeless 
fluid is transformed into a gluey basis-substance. 

At no time has the reticulum of the living matter been interrupted or torn ; 
the pericementum has never ceased to be a tissue either in its embryonal. 



Fig. 287 . — Pericementum of Fibrous Structure. 


C, cementum of root ; PL, periceraentutu, the fibers of which .are built up by spimiles, in 
longitudinal section ; PP, i)ericementum, the elomentaiy spindles of which are finer and cut 
obliquely ; P>, P^, bioplasson bodies, either so-called connective-tissue corpuscles or so- 
called osteoblasts. Magnified 1200 diameters. 

myxomatous, or fibrous condition. On the theory here explained, all changes 
in inflammatory processes of the pericementum may be easily understood. 

(B) Pericementitis. Plastic Inflammation and New Formation. Practitioners 
are aware that pericementitis presents itself in two forms, evidently accord- 
ing to the intensity of the inflammatory process. One form is the plastic, 
which, if repeatedly recurring, leads to a new formation of connective tissue, 
the so-called hyperplasia, or hypertrophy ; the other and more severe form 
is the suppurative pericementitis, which inevitably leads to a more or less 
extensive destruction of the pericementum, to death of the pulp, and not 
infrequently to necrosis of the alveolar process. 

Pericementitis, in its mildest degree, with lower powers of the microscope, 
is recognizable by the presence of nests, filled with medullary elements, in 
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the midst of the connective-tissue bundles. The shape of these nests is, as a 
rule, oblong, corresponding to' the longitudinal direction of the connective- 
tissue bundles, or roundish, in accordance with the cross-section of bundles. 
The scantier these nests, the milder is the inflammatory process. 'With high 
magnifying powers of the microscope, we learn that the earliest stage of the' 
inflammation consists in a transformation of the connective-tissue flbers into 
bioplasson. (See Fig. 288 .) 

According to the spindle shape of the elementary flelds of the basis-sub- 
stance, spindle-shaped bioplasson bodies have appeared, wholly identical with 
the normal plastids within the fibrous connective tissue. All these bodies are 
separated from each other by light rims, and connected with each other by 

the delicate threads of living 
matter traversing those rims. 
The finely granular, newly 
appeared bioplasson bodies 
soon afterward become coarse- 
ly granular, which means that 
the living matter therein has 
increased in size. 

We see next that a number 
of granules — the points of in- 
tersection of the reticulum — 
have increased in size to such 
an extent that they resemble 
small nuclei, and from these 
foci new elements are formed, 
partly shining and homogen- 
eous, partly reticular in struc- 
ture. After the originally solid 
lumps of living matter have 
split into a reticulum, many of 
the newly formed elements 
contain solid nuclei. All elements are uninterruptedly connected with each 
other by delicate threads of living matter. Thus, the inflammatory infiltra- 
tion is established at first in the shape of scattered nests, the centers of 
which correspond to the capillary blood-vessels. In later stages almost the 
whole amount of the connective tissue is transformed into medullary ele- 
ments to such a degree that only scanty bundles of the original connective 
tissue are left. The swelling of the pericementum accounts for the painfulness 
of the process ; while the loss of the firm basis-substance and its replacement 
by medullary elements explain the looseness of the tooth. These features 
will also account for the peculiar sensation experienced by the patient that 
the tooth is raised out of its socket. 

The largest accumulation of the inflammatory elements takes place in the 
immediate neighborhood of the blood-vessels, for in the middle of many nests 
capillaries can be traced. We readily understand that in the immediate 
vicinity of the source of nutrition the inflammatory process must be most 
active. This fact has been taken up as an argument by those who assert that 
the inflammatory nests are altogether due to an emigration of colorless blood- 
corpuscles. I am strongly opposed to this opinion, because my observations 
show that the majority of the inflammatory elements are originally connected 



Fig. 288. — Inflamed Pericementum in an 
Early Stage. 

V, capillary Wood-vessel, the endothelia of wliich 
arc coarsely granular and proliferating ; M, medullary 
or inflammatory elements, Imhedded in a finely 
granular hasis-suhstance; N, spiudle-shaped elements. 
Magnified 1000 diameters. 
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with each other by delicate threads, therefore representing a tissue. The 
endothelia of the capillaries share in the inflammation by being transformed 
into coarsely gi-anular irregular bodies, which, by division, also produce new 
medullary elements, partly nucleated, partly devoid of nuclei. By the new 
formation of inflammatory elements from the endothelia the caliber of the 
capillary is first considerably narrowed and afterward completely lost. An 
exuberant growth of the endothelia will, as a rule, result in the destruction of 
the capillaries by suppuration, and will probably give rise to formations 
which I shall presently describe. 

In most of my specimens of inflamed pericementum I have met with a 
singular formation. A number of medullary corpuscles coalesce into globular 
masses, greatly varying in size, and in some instances surrounding a central 
polyhedral space, evidently made by the compression of the former blood- 
vessel. The globular masses are either composed of medullary elements, 
shining, homogeneous, and split into smaller lumps of living matter, or they 
are continuous masses of a coarsely granular bioplasson, in which varying 
numbers of nuclei are seen. Formations of this kind are well known in in- 
flamed periosteum and medulla of bone ; they have been termed myeloplaxes, 
myeloid bodies, giant cells, etc. 

My specimens plainly show that in the so-called plastic inflammation of 
the pericementum all inflammatory corpuscles remain connected with each 
other, and thus represent a medullary, embiyonal, or indifferent tissue. In 
slight degi’ees of inflammation the morbid process may yield to what has 
been termed “ the resolution of inflammation.” Nothing is required but the 
re-formation of the basis-substance, and the normal condition is reestablished. 
More severe forms of plastic pericementitis, or repeated recurrences of the 
inflammatory process, will result in a new formation of the connective tissue, 
the so-called hyperplasia. 

Higher degrees of plastic pericementitis are invariably accompanied by 
inflammation of the gum, the cementum, and the bony alveolus. 

Inflammation of the gum (ulitis, gingivitis) in its mildest form is marked 
clinically by the so-called oedema. Higher degrees of ulitis manifest them- 
selves in essentially the same manner as pericementitis, viz. : first, the forma- 
tion of scattei’ed, afterward confluent, nests of inflammatory corpuscles. The 
origin of these nests from the connective-tissue bundles of the gum is exactly 
the same as in the pericementum. 

Cementitis is shown under the microscope by the presence of bay-like 
excavations on the periphery of the cementum, and sometimes also beneath 
the surface. These excavations are filled with medullary or multinuclear 
bodies. To their presence is due the peculiar corroded appearance of the 
cementum on teeth extracted during an attack of pericementitis. 

Osteitis on the bone of the alveolus is manifested by a dissolution of the 
basis-substance of the bony tissue, either in the shape of bay-like excava- 
tions corresponding to the territories of the bone-tissue, or in irregular fields 
tilled with medullary elements penetrating from the surface into the depth of 
the bone. This process is invariably combined with osteomyelitis, and the 
result of both processes is the transformation of the hard, bony tissue into a 
soft medullary or inflammatory tissue. In some of my specimens of osteitis 
this change is exhibited to a very high degree, so that only small islands of 
bony tissue are left as remnants of the former wall of the alveolus. 

42 
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Hyperplasia. An intense plastic pericementitis, or repeated attacks of a 
so-called snbacnte inflammatory process, will lead to a new formation of con- 
nective tissue, cementum, and bone. 

Hyperplasia of pericementum occurs whenever a large number of inflam- 
matory corpuscles are newly formed and remain in connection with each other, 
thus not ceasing to be a tissue. The inflammatory corpuscles in certain dis- 
tricts become elongated, and, after having split into spindle-shaped elements, 
are transformed into a solid basis-substance, which means a new formation 
of connective-tissue bundles. These bundles difiier from those of normal 
pericementum in their greater density, and their very irregular arrangement. 
Hypertropied cementum is augmented in its whole bulk, and is built up by 
coarse bundles of connective tissue, between which, in the earlier stages of 
the hyperplastic process, more or less numerous nests of inflammatory ele- 
ments are seen. In other instances, the whole pericementum is transformed 
into a dense cicatricial connective tissue, whose bundles are very small, and, 
by crossing each other in all directions, produce a felt-work. Hyperplastic 
pericementum, as a rule, holds fewer blood-vessels than the normal. 

Sometimes scattered nests of the inflammatory corpuscles take up a high 
refracting power, which evidently is due to a deposition of lime-salts in them 
— the so-called calciflcation. This process is entirely different from ossiflca- 
tion, though the former apparently precedes the latter. Scattered nests of 
inflammatory elements may be transformed also into clusters of fat-granules. 

New formation of cementum is observable in two forms : either as re- 
formation in the bay-like excavations, or as a new formation on the outer 
surface of the cementum. 

Ee-formation of the cementum is always characterized by a deposition 
of lime-salts in the territories of the cement-corpuscles, previously dissolved 
by the inflammatory process. The bay-like excavations remain unchanged 
in their conflguration, even after new cementum has formed. In the eemen- 
tum of both the neck and the root I have met with such sharply circum- 
scribed islands of newly formed cementum, apparently in no connection with 
the outer surface. 

The inflammatory new formation on the surface of the cementum appears 
either in the shape of a continuous layer of cement-tissue, distiuctly bounded 
toward the normal cementum, or jagged on the outer surface, with manifold 
elongations and erosions, filled with newly formed connective tissue. Some- 
times relatively large globular formations appear on the outer surface of the 
cementum as the result of pericementitis. 

There are globular bodies in connection with the cementum by means of a 
pedicle, which closely resemble those in the pulp-cavity attached to the den- 
tine. These peculiar formations exhibit a distinct concentric lamination. 
They are surrounded by a layer of spindle-shaped medullary elements, and 
hold in their centers a radiating bioplasson mass, resembling a bone-eorpus- 
cle. As to their origin, there can be scarcely any doubt that they arise from 
clusters of medullary or multinu clear bodies, above described. All new for- 
mations on the surface of the cementum, caused by an inflammatory process, 
may be justly denominated “exostoses of the cementum.” (See Fig. 289.) 

I have repeatedly seen true bony new formations in hyperplastic perice- 
mentum. They appear in the shape of irregular islands or elongated spiculse 
within the fibrous connective tissue, sometimes so near to the cementum that 
no doubt is left about their formation in the middle of the pericementum, 
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independently of the bony alveolus. These’ formations bear a close resem- 
blance to embryonal bone — viz. : contain a large number of irregular bone- 
corpnscles with broad offshoots, and a comparatively small amount of bony 
basis-substance. On the periphery of isolated bony formations we can often 
distinguish the medullary elements (osteoblasts), which participate in the 
formation of bone by being partly transformed into basis-substance. 

Lastly, true bony new formations may occur on the wall of the alveolus, 
which, after repeated attacks of pericementitis, as clinical observation 
teaches, is sometimes beset with thorny new formations of bone. These 
■exostoses originate on the socket of the tooth from the medullary tissue, in 
the same manner in which exostoses grow on any other bone, as sequelae of 
periostitis and osteitis. In the highest degree of development, such exostoses 
of the socket replace the pericementum to such an extent that only traces 
of the pericementum are left. No instance, however, at least to my knowl- 
edge, has been observed of a complete fusion of the socket with the tooth. 

rijorrhcea Alveolaris. Surgeons have long been aware of the fact that sup- 
purative periostitis is the main, if not the only cause of necrosis of bone; 
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Fig. 289.— Globulak Body, Eesult op Pericementitis. 

O, concentrically striated mass, snrrounded by small, spindle-shaped elements, holding a 
star-sliaped hioplassou hodj" in its center; C, cemeutura ; AT, mnltiuuolear hodj^ from wliich 
a globular body may originate ; JE, inflammatory elements, crowded in the pericementnm. 
Magnified 200 diameters. 

thus, also, the consequence of suppurative pericementitis is necrosis of the 
alveolus, varying in accordance with the degree of the suppuration. No cure 
of the suppuration is possible until the necrotic parts of the bone have been 
eliminated from the body, either spontaneously or by surgical interference. 

Under the microscope, the first stages of suppurative pericementitis are 
identical with those of the plastic form — viz. : there are nests of inflammatory 
corpuscles between bundles of unchanged connective tissue. The less, there- 
fore, of this connective tissue is left, the more numerous the inflammatory 
elements are, the nearer is the tissue to suppuration. 
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With high magnifying powers of the microscope we see that the inflamma- 
tory process goes on in exactly the same way as in plastic pericementitis. 
The bundles of connective tissue are transformed directly into inflammatory 
corpuscles, which at flrst are all united with each other. This union is recog- 
nizable in relatively large nests, also, in which there are but scanty capillary 
blood-vessels left. It is only after the mutual connection of these elements is 
broken that the bodies, now isolated, deserve the name of pus-corpuscles, 
which are suspended in an albuminous fluid, and fill a cavity termed an 
“abscess.” If a large number of inflammatory centers, which afterward 
become confluent all around the root of the tooth, have formed, we designate 
the disease “alveolar pyorrhoea.” 

In some of my specimens, among the inflammatory elements, there are 
seen capillary blood-vessels, containing a few colorless blood-corpuscles, some 
of which, by means of a slender pedicle, have penetrated the wall of the cap- 
illary, and are evidently engaged in emigration. These colorless blood- 
corpuscles, however, are finely granular, and, as such, easily distinguishable 
from the surrounding inflammatory corpuscles, the vast majority of which are 
coarsely granular or homogeneous. Emigrated colorless blood-corpuscles may 
share in the formation of pus-corpuscles, but the main mass of the latter 
is doubtless formed directly from the connective-tissue substratum of the 
inflamed part. 

After the elimination of the pus the surrounding inflamed tissue grows in 
the shape of so-called “proud flesh” or granulations, which we not infre- 
quently meet on the roots of teeth extracted during an attack of suppurative 
pericementitis, especially well developed in the bifurcations between the roots 
of molars. Such gi-anulations are built up by a myxomatous connective tissue, 
which is freely vascularized, and, after having filled the cavity of the abscess, 
is transformed into a dense, fibrous connective tissue. This reparative tissue 
is termed a “cicatrix.” Suppurative pericementitis will invariably heal by 
cicatrization. ' 

Alveolar Abscess. This is a peculiar form of suppurative inflammation 
on the apices of the roots of teeth. 

Examinations of microscopical sections through the root, the socket, and 
the alveolar abscess, demonstrate that the latter is either unilocular or 
multilocular, viz. : separated into two or several chambers, all filled with 
pus. The wall of the abscess is built up by a very dense fibrous connective 
tissue, the bundles of which mainly run a concentric course around the 
abscess, and are continuous with the unchanged or slightly inflamed peri- 
cementum higher up on the root. The sac is a product of plastic pericementitis, 
fully identical with what has been termed in former years the “membrana 
pyogena.” When the inflammatory process has lasted for months, the newly 
formed connective tissue assumes a distinct fibrous structure, and between 
the bundles there are interspersed nests of inflammatory corpuscles. These 
may be partly transformed into fat-granules, or produce opaque layers in fatty 
degeneration. If, on the contrary, the alveolar abscess be of a more recent 
date, the fibrous structure of the sac is plainly marked on its periphery only, 
while the central portions bear the character of a myxomatous granulation- 
tissue. The strings or the septa traversing the abscess may, in accordance 
with the age of the disease, be found either of a fibrous or myxomatous 
structure. In both instances we often meet with a large number of newly 
formed capillary blood-vessels. The inner surface of the sac is not smooth. 
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but largely provided with irregular protrusions, or papillary outgrowths of 
a myxomatous structure, crowded with inflammatory elements. The sac 
contains inspissated pus, which, upon the cutting of microscopical sections, 
crumbles away. 

Cementitis and osteitis always accompany an alveolar abscess. Cementitis 
leads to a destruction of the cementum in the shape of deep, irregular, bay- 
like excavations, which exhibit all stages, from the liquefaction of the basis- 
substance up to the transformation of the living matter into pus-corpuscles. 
Sometimes the excavations penetrate the dentine. In the highest degrees of 
pericementitis the apex of the root, inclosed in the alveolar abscess, is trans- 
formed into a thin, jagged, and corroded stump, with but scanty remnants of 
the former cementum. 

Osteitis (inflammation of the wall of* the alveolus) is an inevitable result of 
the formation of an alveolar abscess. The portion of the socket in contact 
with the sac of the abscess is widened, its surface being either smooth or 
jagged. Examination with the microscope leaves no doubt that the inflamma- 
tory elements, sprung from the bony tissue after dissolution of its lime-salts 
and liquefaction of its gluey basis-substance, become spindle-shaped, and 
participate largely in the formation of the wall of the abscess. 

Literature. In regard to the literature of pericementum and pericementitis 
I have but little to say, as this subject has been very much neglected by 
nearly all histologists. I shall quote from a few only of the modern authors. 

Carl Wedl* says: “Generally the root-membrane, or periosteum of the 
root, is of moderate density ; the bundles of connective tissue forming it con- 
tain no elastic fibers, and inclose fusiform connective-tissue corpuscles; in 
addition to these, roundish elementary organs are met with.” 

According to E. Magitot,t “ the root-membrane consists of two portions: 
an inner, which does not admit of being teased into fibrils ; and an outer, lying 
near the alveolar wall, which has the appearance of a fibrous structure. The 
same writer also mentions the occurrence of ‘ cellules myeloplaxes,’ similar 
to those found in the periosteum of bone, and cytoblastions (nuclei invested 
with a layer of protoplasm), which occur still more i*arely.” “ The changes 
in the hard tissues of the root, which occur chiefly with chronic suppurating 
inflammation of the periosteum of the root, consist in necrosis and resorption, 
according to the nature of the tissue.” “The histological appearances pro- 
duced by the process of resorption are displayed in a manner similar to those 
which were observed in the resorption of the roots of the milk-teeth — i. e., 
there are circumscribed depressions upon the outer surface of the cement, 
which are made up of groups of closely approximated, shallow, cup-shaped 
indentations. In the ridge-like elevations which bound the excavations well- 
preserved bone-corpuscles are to be found, while they become gradually less 
discernible in the deeper portions. Necrosis of the cement not infrequently 
is associated with resorption.” “ If the cement is entirely destroyed here and 
there by the suppuration, the dentine becomes similarly affected, and acquires 
a I'oughened or corroded appearance.” “ There are no indications of a vital 
action on the part of the dentine. The theories advanced to explain the 
manner in which the excavations are produced by resorption are mere slip- 
positions ; they may be regarded as induced either by the activity of the pus- 

* “ Pathology of the Teeth,” Philadelphia, 1872. Page 69. ^ 

t ‘‘ Memoires sur les Tumeurs du Porioste Dentaire.” 1868. 
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corpuscles, or by a fermentation process ; with regard to the former, it is' 
conceivable that the amoeboid movements of the pus-corpuscles might wear 
away the dental substances ; in the latter case, the generation of an organic 
acid might be assumed. In chronic cases, the eroded portions are covered by 
a thin membrane of connective tissue or by a layer of granulation tissue.” 
“ Sometimes, on the other hand, the inflammation spreads from the root-mem- 
brane to the socket of the tooth ; when this occurs, the canals of the latter in 
the vicinity of the focus of suppuration become expanded ; excavations, in the 
form of pits and grooves, are found in it, and, finally, there ensues a partial 
resorption of the alveolus, which process is induced by the proliferation of 
the elementary organs of the connective tissue.” “lu addition to the senile 
form, a hypertrophy occurs as a sequel of chronic affections of the root- 
membrane, consisting essentially in' a thickening, and a more or less 
advanced callous formation. The generally straight bundles of fibrous tissue 
often pursue a radiating course for the most part — i. e., they extend from the 
outer surface of the cemeiitum toward the alveolar wall, forming a series of 
closely packed arches, and are inserted, by a fan-shaped expansion, into the 
osseous trabecute.” “The bundles of connective tissue, especially in cases of 
very irregular hypertrophy, iuterlace one with another in various directions, 
forming a sort of felted work of bundles, which penetrate the enlarged fora- 
mina in the alveolar wall. 

Charles S. Tomes* says: “The general direction of the fibers (of the alve- 
olo-dental membrane) is transverse — that is to say, they run across from the 
alveolus to the cementum without break of contimuty, as do also many capil- 
lary vessels; a mere inspection of the connective-tissue bundles, as seen in a 
transverse section of a decalcified tooth in its socket, will suffice to demon- 
strate that there is but a single ‘ membrane,’ and that no such thing as a 
membrane proper to the root and another proper to the alveolus can be dis- 
tinguished. At that part which is nearest to the bone the fibers are grouped 
together into conspicuous bundles ; it is, in fact, much like any ordinary 
fibrous membrane. On its inner aspect, where it becomes continuous with 
the cementum, it consists of a fine net-work of interlacing bands, many of 
which lose themselves in the surface of the cementum. But, although there is 
a marked difference in histological character between the extreme parts of the- 
membrane, yet the markedly fibrous elements of the outer blend and pass 
insensibly into the bands of the fine net-work of the inner part, and there is 
no break of continuity whatever. I have never seen the fibers, whether 
in longitudinal or in transverse sections, pass straight in the shortest possible 
line from the bone to the cementum, but they invariably pursue an oblique 
course, which probably serves to allow for slight mobility of the tooth with- 
out the fibers being stretched or torn.” 

Besults. The results of my researches may be summed up in the following 
points : 

(1) rericementum is a layer of connective tissue between the root of the tooth 
and the wall of the alveolus, and common to hath. This connective tissue in the 
juvenile condition is myxomatous, rich in hioplasson bodies. In the adult it is 
fibrous, scantily supplied ivith ydastids — the so-called connective-tissue cells. The 
bundles of the connective tissue are continuous with those of the yum and those of 
the periosteum of the alveolus. 


* “A Manual of Dental Anatomy,” Pliiladelphia, 1876. 
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(2) Inflammation of the pericementum is either aplastic (formative) or sup- 
purative (destructive) process. These two hinds differ from each other only in 
degree and intensity. 

(3) Plastic pericementitis is characterized hy the formation of nests of inflam- 
matory elements, arisen from medullary elements xvhich have appeared from the 
connective tissue after dissolution of its hasis-substance. 

(4) Plastic pericementitis may terminate in resolution, if the inflammatory 
elements he not numerous, and the hasis-suhstance he reestablished ; or it leads to 
hyperplasia of the connective tissue, if a large number of inflammatory elements 
have formed and the inflammatory pyrocess has repeatedly recurred. 

(5) Pericementitis in its more intense degrees is always accompanied by 
cementitis of the root of the tooth, and hy osteitis of the wall of the alveolus. 
Plastic p>cricementitis leads to a, neic formation of cementum, as well as of hone- 
exostosis. 

(G) Sup>purative pericementitis residts from the hreahing apart of the inflam- 
matory corpuscles which have arisen from the connective tissue of the pyericementum 
itself. Emigrated colorless hlood-corpuscles pyrohahly share in the formation of 
pyus-corpmscles ; hut no pyroof thereof is pyossihle. The main mass of pyus-corpy uscles 
is due to a transformation and destruction of the inflamed tissue. 

Caries. By Frank Abbott, M. D.* 

Methods. The results recently obtained, with regard to the minute structure 
of the teeth have been arrived at by new methods. As a matter of dourse, 
dried specimens of teeth, formerly almost exclusively in use, did not reveal 
any of the soft parts within the hard dental tissues. Only a frame of the tissue 
was left, and we may readily understand why the investigations of the carious 
process as yet have not passed above hypotheses and speculations. 

For preparing dentine and cement, there is no better method known than 
slow decalcification by means of a one per cent, solution of chromic acid. The 
enamel of teeth prepared in the foregoing manner can never be cut, because 
it becomes extremely brittle ; therefore, I was obliged to resort for its exami- 
nation to the method first practiced by Dr. Bodecker. The thin slices should 
be kept for decalcification, for twenty-four hours, in a very dilute solution of 
chromic acid. A saturation of this solution of over one-half of one per cent. , 
in my opinion, is deleterious to the enamel, which, if compdetely decalcified, 
shows only a 'minute net-work of living matter, as I first have observed, but no 
trace of the enamel-rods and prisms. 

Caries of Enamel, t The clinical phenomenon of caries, in its very origin, 
consists essentially in a discoloration of the enamel. A whitish or grayish 
spot on the surface of the enamel is indicative, to an experienced eye, of the 
beginning of decay, which spot proves, when touched with an instrument, to 
be soft and crumbly. Often a brown spot is visible on the enamel as a sign 
of the softening process. The less pigmentation present, the more rapid 
is the process of decay. On the contrary, the more distinct the discol- 

* Abstract from tlie author’s essay, “ Caries of Human Teeth.” The Dental Cosmos, Phil- 
adelphia, 1878 and 1879. 

t The fact that caries of the teeth begins as a chemical process scarcely will, in my oijin- 
ion, he (xnestioned. On a dead tooth, natural or artificial, as well as on teeth manufactured 
from the dentine of the elephant or the hippopotamus, the process will remain, under all cir- 
cumstances, a chemical one, assisted only by the putrefying remains of tlie organic material 
of the tooth ; while on a live tooth either acute or chronic reaction-changes take place. 
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oration, the slower is the softening process. Nay, dark-brown spots may be 
present in the enamel for many years without being followed by softening. 
The brown discoloration, as such, cannot be considered as an essential feature 
of caries of enamel, but it usually accompanies the carious process, and does 
so the surer, the slower the morbid process runs. On microscopic specimens 
we meet with decayed pits in enamel without any discoloration of this tissue. 
On other specimens we have a very marked orange or brown hue on the 
decayed part as well as in its neighborhood, and sometimes scattered specks 
are to be seen some considerable distan.ee from the diseased part. The brown 
discoloration is located in the basis-substance of the enamel-rods, the outlines 
of which are much more marked than when in a healthy condition. The 
interstices between the rods here are plainly visible even with a magnifying 
power of only five hundred diameters. This power will reveal delicate beaded 
fibers of living matter within the interstices, which in healthy enamel can be 
seen distinctly with a power of eight hundred to one thousand only. Besides 
the discoloration, no material changes are seen on the enamel-rods. 



unchanged enamel ; 8, enamel deprived of its lime-salts ; M, enamel broken down to 
medullary corpuscles ; D, medullary cori)uscles, indistinctly marked ; N, flat epitlielia. 
Magnified 1000 diameters. 

The process of decay in the enamel can best be studied on superficial ero- 
sions of the same, a sample of which I have illustrated. In this instance the 
brown discoloration of the decayed part was but trifling, and entirely absent 
in its vicinity, so that we have to consider it as a ease of acute caries. Not a 
trace of micrococci or of leptothrix is visible in or above the decayed pit of 
the enamel, which again proves that these organisms do not play any important 
part in the process of caries. (See Fig. 290.) 

The shape in which caries appears in the enamel is greatly varying. Be- 
sides the wedge shape, the forms in which caries proceeds are shallow or con- 
ical excavations, excavations with abrupt walls, fissures, and grooves. On the 
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loottona of the main excavation we sometimes see a smaller cavity, it being in 
a narrow or wide commnnication with the main decayed mass. 

Besides the peculiar medullary elements forming the contents of a carious 
cavity of the enamel in its initial stage, I not very rarely have met with dark 
brown, irregularly shaped clusters filling the whole cavity. How such changes 
of medullary corpuscles are produced I am unable to say, although it seems 
to be kindred to the so-called colloid or hyaloid metamorphosis wliich we 
observe in other tissues, the only difference being that in caries the colloid 
clusters are deeply saturated with a uniform brown pigment. 

Caries of Dentine. Sometimes the dentine, attacked by caries, looks but 
little changed on its periphery. A narrow zone of yellowish color forms the 
boundary toward irregular, shallow excavations. At other times, besides the 
bay-like excavations on the periphery, there are visible elongations, cylindri- 
cal, conical, pear-shaped, or leaf-like, passing down into the dentine in vary- 
ing depths. There is no doubt that this form of decay of the dentine occurs 
with the least preliminary changes of the tissues ; it evidently runs a slow 
course, and I think I am justified in calling this form of caries chronic. It 
seems evident that decay of a tooth assumes an acute or chronic form just 
in proportion to its perfect or imperfect calcification. Dead teeth in which 



D, dentine ; 0, the process ot decay penetrating into the dentine in the shape of siiort 
offsiioots ; G, decayed jnass. Magnified 200 diametei'S. 

the pulps have been destroyed either by necrosis as a natural process, or by 
artificial means with caustics, very frequently run this kind of slow or chronic 
decay. (See Fig. 291.) 

I have examined a piece of a hippopotamus tooth which for a period of 
about one year was worn in the month of a patient, and a spot became 
decayed about the size of a hemp-seed. On the bottom of the decayed pit 
numerous conical spots appeared running downward into the dentine, 
characterized by the absence of coloring matter in specimens stained with 
carmine. No material change besides was observable ; even the dentinal 
canaliculi did not look enlarged. The bottom of the carious cavity was 
covered with a layer of finely granular, evidently disintegrated organic 
material, and above this the ordinary masses filling carious cavities in teeth, 
viz. : micrococci and leptothrix, were visible. 

In chronic caries first the solution of the lime-salts of the dentine takes 
place, either along the bay-like excavations or in the shape of longitudinal 
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depressions. No reaction whatever follows this process. The glue-yielding' 
hasis-substance being deprived of its lime-salts, shows a yellow discolora- 
tion, and only traces of the dentinal canaliculi. The basis-substance then 
breaks down into an indistinct gi-anular mass, which is immediately filled 
with a new growth of low vegetable organisms, viz. : micrococci and 
leptothrix. 

My specimens plainly show that these organisms are not the advance- 
finard in the process of decay. The first change that takes places is expos- 
ure of the basis-substance by the chemical action of some acid, independent 
of the named organisms, which come to view only after complete disinte- 
gration of the basis-substance. I never have seen the penetration of these 
organisms into the dentinal canaliculi before a thorough decalcification of 
the basis-substance had taken place. 

In the great majority of my specimens I have met with formations on the 
diseased boundary of the dentine which demonstrate a considerable degree 



Fig. 292. — Acute Caries op Dentine. 


E, JS, fissures In wliich tlie decay penetrates into tlie dentine; J, small islands of un- 
clianged dentine. Magnified 200 diameters. 

of reaction, produced by the irritating power of the same agent to which 
the lime-salts of the dentine yield. In fact, this was the case in all teeth 
which were alive when attacked by the carious process, or rather when 
removed from the jaws. On the boundary of this process we see irregularly 
shaped elongations running a certain depth into the tissue of the dentine. 
The more superficial the elongations are, the surer the morbid process 
may be termed a slow one ; and, on the contrary, the deeper the elongations, 
the more certain we may be that the morbid process has advanced rapidly. 
The elongations mainly have the shape of fissures filled with a dark, granular 
material, if viewed with a low power. These fissures run independently of the 
direction of the dentinal canaliculi; nay, very often cross them. (See Fig. 292.) 

On the surface of the carious portion of dentine we see irregular cavities 
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filled witli the same granular mass that is present in the fissures, consisting 
evidently of debris of the former tissue, together, perhaps, with micrococci, 
and very often fine, thread-like leptothrix. The more rapidly the destruction 
of the dentine has advanced, the more irregular islands of dentine are left on 
the surface. 

The outermost portion of the decayed part is, as a rule, brittle, and crum- 
bles away in chromic acid sj)ecimens. Where it is left it shows a crowd of 
leptothrix and mierococei, without any distinctly recognizable remnants of the 
former tissue. On the boundary of the carious portion we, as mentioned 
above, meet with a yellow discoloration of the dentine, evidently produced by 
a chemical agent, which first dissolves out the lime-salts from the dentine, 
and in turn liquefies the glue-yieldiiig basis-substance. In live teeth the yel- 



Fig. 293. — Caries op Dentine. 


i?’, imclianged doutinal fiber: J*, enlarged dentinal canalionli, filled with biopla.sson ; 
mednllary corpuscles in considerably widened dentinal spaces ; Gf, complete transformation 
of dentine into medullary corpuscles. Magnified 1000 diameters. 

low discoloration usually takes place in the shape of longitudinal strings of 
different diameters, running mainly parallel with the longitudinal direction of 
the dentinal canaliculi. Nay, we often see single yellow strings running from 
the bottom of a carious cavity in the enamel through the whole depth of the 
dentine to the pulp-chambers. While the unchanged dentine readily takes up 
the carmine, the strings, the deep yellow color of which is undoubtedly due to 
the action of the chromic acid, remain unstained. (See Fig. 292.) 
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We recognize, under the microscope, in longitudinal section of the dentine, 
that sometimes the yellow discoloration has taken place only within the lim- 
its of a few dentinal canaliculi, while at other times quite a number of these 
have undergone discoloration. Still sharper defined is the yellow discoloration 
on transverse sections. Here we see that mainly the canaliculi and their 
immediate neighborhood have taken up the yellow color in the shape of 
sharply circumscribed dots, which are the larger the nearer they approach to 
the periphery of the decayed part. The basis-substance between these yellow 
spots has taken up more or less carmine. (See Fig. 293.) 

At a certain distance from the decay the canaliculi look unchanged, and 
each contains the central transverse section of the dentinal fiber, with its del- 
icate radiated offshoots. Nearer to the decay we meet with moderately 



Fig. 294. — Caries op Dentine. Oblique Section. 


P, widened deiitiiifil canaliculus, containing Bioplasson ; A', space containing medullarj' 
corpuscles; JIT, transforniatioii of dentine into Bioplasson; C, trace of dentinal canaliculus 
containing an enlarged fibril. Magnified 1000 diameters. 

enlarged canaliculi, the center of which is occupied by a cluster of bioplasson, 
the granules and threads of which have readily taken up the carmine. One 
step farther we find the canaliculi considerably enlarged — to double or treble 
their original size — and they are filled with bioplasson, plainly exhibiting the 
net-like arrangement of the living matter. The most peripheral granules send 
delicate conical offshoots through the surrounding light space toward the 
unchanged basis-substance. In some of the enlarged canaliculi accumula- 
tions of living matter are seen fully in the shape of nuclei ; sometimes two or 
more such nuclei may be seen surrounded by a varying amount of granular 
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bioplasson. Still nearer to the decay the canaliculi are enlarged to ten or fif- 
teen times their original diameter, and the cavities thus produced are all 
filled with a partly nucleated bioplasson. Between the roundish cavities we 
meet with longitudinal cavities, arising from the confluence of several cavi- 
ties in one main direction. The cavities continue increasing in size, and form 
large spaces, with rounded, bay-like boundaries, between which only scanty 
traces of unchanged basis-substance are left. Lastly, the basis-substance has 
entirely disappeared, and only bioplasson is visible in its place, either in the 
shape of multinuclear layers or of irregular so-called medullaiy elements, 
with rather faint marks of division. Nearest to the periphery the bioplasson 
does not exhibit any form-elements, but looks like a disintegrated granular 
mass, probably intermixed with or replaced by micrococci. 

In less acute caries a relatively small number of dentinal canaliculi are 
enlarged and filled with bioplasson. The center of the bioplasson bodies is 
occupied by one or two nuclei, which look as if they originated from the 
former dentinal fiber. On the periphery of the dentine there are regular 
nests filled with bioplasson formations of the above description, partly broken 
down into medullary elements. On other parts, on the contrary, tlie transfor- 
mation of the basis-substance into bioplasson has even preceded the changes 
of the dentinal fibers. The canaliculi are not noticeably enlarged ; the den- 
tinal fibers are either unchanged or slightly swollen, and more granular than 
in the normal condition ; while outside these we have a thoroughly decalcified 
and liquefied basis-substance, which means a reappearance of the net-work 
of the living matter before the stage of disintegration. (See Fig. 294.) 

Caries of Cement. So long as the gums are in their normal condition and 
position caries does not begin in the cement; but, if the gums have receded 
from any cause, thus exposing the cement which covers the necks of the 
teeth, it may then begin to decay. The microscope reveals a more or less 
advanced decay, which, in its essential features, is fully analogous to caries 
of the dentine when in a live condition. On the boundary of the caries we 
see, besides unchanged cement-corpuscles, those which have been enlarged 
and transformed into medullary or inflammatory elements. Nay, I have 
observed that the lacunae holding the bioplasson body were partly unchanged 
while a part participated in the inflammatory process. (See Fig. 295.) 

The enlargement of the cement-corpuscles is evidently not due to their 
direct swelling, but to a liquefaction of the surrounding basis-substance, in 
which the bioplasson condition, and with this also the medullary elements 
which have participated in the formation of the basis-substance, reapi^ear. 
The inflamed portions of the cement look granular with lower powers of the 
microscope, but high powers reveal the net-like structure of the living matter 
and the formation of irregular polyhedral elements, which are separated from 
each other by a light, narrow seam, this being traversed by extremely delicate 
uniting threads. 

Virchow’s view that the bone-corpuscles swell and divide into inflammatory 
elements by being converted into proliferating mother-cells, is in my opinion 
wrong. No proliferation is demonstrable in the earliest stages of inflamma- 
tion of the cement. Nothing but a deealcification, and thereafter a liquefac- 
tion, of the glue-yielding basis-substance takes place in order to bring to view 
the very same medullary elements which once have shared in the formation 
of the cement. The inflammatory reaction in the cement-corpuscle itself may 
be so slight that a part of this bioplasson may look almost unchanged, while 
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another part toward the decalcified hasis-suhstance gives an appearance iden- 
tical with that of the surrounding liquefied hasis-suhstance. The result of 
this process is a transformation of the tissue of the cement into medullary 
or infiammatory elements. These reiaain in connection with each other hy 
delicate threads of living matter, hut at last become disintegrated, and give, 
together with micrococci and leptothrix threads, a decayed mass, just as well 
as enamel and dentine. 

liesults. I can sum up the results of my researches in the following 
aphorisms : 

(1) In enamel, caries in its earliest stage is a chemical process. After the lime- 
salts are dissolved out, and the basis-substance liquefied, the hioplasson reappears, 
and brcah's apart into small, irregularly shaped so-called medullary or embryonal 
bodies. 

(2) Caries of dentine consists in a decalcification, and in turn a dissolution. 



Fig. 295. — Cementitis Due to Cauies. 


C, nnchanged cement-corpuscle; I, space filled with medullary corpuscles; P, cement- 
■corpuscle, partly unchanged, partly transformed into medullary corpuscles; M, the cemen- 
tum wholly transformed into medullary corirascles. Magnified 1000 diameters. 

of the glue-yielding basis-substance, around the canalicidi as well as between 
them. The living -matter contained in the canaliculi is transformed into nucleated 
bioplasson bodies, -which, together icith bodies originating from the living matter 
in the basis-substance, form the so-called indifferent or inflammatory tissue. 

(3) Cement, -if attached by caries, exhibits first all phenomena Jmown to be 
present in the early stages of inflammation of bone. The cement-corpuscles, as 
well as the basis-substance after its decalcification and liquefaction, produce 
indifferent or inflammatory elements. 
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(4) The indifferent elements originating through the carious process from 
enamel, dentine, and cement do not proceed in new formation of living matter, hut 
become disintegrated and transformed into a mass crowded ivith micrococci and 
leptothrix. 

(5) Caries of a living tooth, therefore, is an inflammatory process, which, 
beginning as a che^nical process, in turn reduces the tissues of the tooth into 
embryonic or medullary elements, evidently the same as during the development 
of the tooth have shared in its formation ; and its development and intensity are 
in direct proportion to the amount of living matter tvhich they con tain, as corn- 
glared, with other tissues. 

(6) The medullary elements, owing to lack of nutrition and to continuous 
irritation, become necrosed, and the seat of an active new growth of organisms 
common to all decomjgosing organic material. 

(7) Micrococci and leptothrix by 'no means produce caries; they do not pene- 
trate the cavities in the basis-substance of the tissues of the tooth, but appear only 
as secondary formations, owing to the decay of the medullary elements. 

(8) In dead and artificial teeth, caries is a chemical process, assisted only by 
the decomposition of the glue-yielding basis-substance of dentine and cement. 

History. John Hunter'^ says: '^The most common disease to which the 
teeth are exposed is such a decay as would appear to deserve the name of 
mortification. But there is something more, for the simple death of the part 
would produce hut little effect, as we find that teeth are not subject to 
putrefaction after death, and therefore I am apt to suspect that during life 
there is some operation going on which produces a change in the diseased 
part.” 

Joseph Foxt says ; “ The diseases to which the teeth are subject are simi- 
lar to those which alfect bones in general, and in like manner they have their 
origin in inflammation. The teeth differ only from bones in not possessing 
sufficient living power to effect the process of exfoliation.” 

Thomas Bell,t under the heading of '‘G-angrene of the Teeth, commonly 
called Caries,” says: "The most common disease to which the teeth are 
liable is that which has hitherto been universally known under the name of 
caries — a name which, although authorized both by English and Continental 
writers, is in this instance totally misapplied. It is, in fact, calculated essen- 
tially to mislead, as the disease has not the slightest analogy to true caries of 
bone.” "Btill, however, the true proximate cause of dental gangrene is 
inflammation. That the bony structure of the teeth is liable to inflammation 
appears not only from the identity of the symptoms which take place in them, 
when exposed to causes likely to produce it, with those which are observed 
in the other bones when inflamed, but more conclusively still from the fact, 
already mentioned, that teeth ai’e occasionally found in which distinct patches, 
injected with the red particles of blood, have been produced by this cause 
after the continuance of severe pain.” 

Dr. E. Magitot, § in his general conclusions, says: "Dental caries is a 
purely chemical alteration of the enamel and ivory of the teeth. Lesions of 
the enamel consist, after the removal of the cuticle, in a purely passive 
chemical disorganization of the prisms composing its tissue. Lesions of the 

* “ Diseases of the Teeth,” etc., 1778. 

t “ The History anrt Treatment of tlie Diseases of the Teetli and Gums,” 1800. 

t “ Anatomy, Physiology, and Diseases of Teeth,” 18:il. 

^ “ Treatise on Dental Caries” (English translation hy Dr. T. H. Cliandler, 1878). 
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ivory, consisting likewise in a ckemical decomposition of its elements, may 
sometimes, thougli rarely, remain passive ; but most frequently they deter- 
mine in the tissue phenomena of reaction that manifest themselves by the 
appearance of a cone or white zone, formed by a mass of eanalicules obliter- 
ated in consequence of a formation of secondary dentine. The tooth attacked 
by caries does not remain passive and inert, but may in some measure under- 
take to resist its action by the phenomena of condensing dentifieation of the 
ivory. The agent of dental caries is the saliva, become the medium of acid 
fermentation or the vehicle of foreign substances susceptible of altering 
directly the tissues of the ivory and the enamel. The intimate mechanism of 
the production of caries is a simple solution of the mineral and calcareous 
salts which enter into the constitution of the enamel and of the ivory, by the 
agent of new formation.” 

Leber and Eottenstein* say ; '' The action of acids alone does not account 
for all the phenomena which appear in caries of the teeth. The acids attack 
first the enamel and rapidly change it to a chalky mass ; later on their action 
is felt in a mar^ked manner upon the dentine, which becomes more transparent, 
and, in fine, as if cartilaginoxis, by the very slow, but progressive loss of its 
calcareous salts. Caries, on the contrary, proceeds slowly in the enamel ; it 
is much swifter in the dentine, where it proceeds promptly along the canali- 
culi. This difference of progress must be attributed to the participation of 
the fungi in the work of the caries. The elements of the fungus glide easily 
into the interior of the canaliculi, which they dilate, and thus favor the passage 
of the acids into the deeper parts ; these same elements cannot penetrate a 
compact enamel, or at least they enter more slowly, and only when the ele- 
ments which form it have been greatly changed by the action of acids. , . . 
For them (the leptothrix) to be able to penetrate thus, it is necessary that the 
teeth be in a suitable condition ; the enamel and the dentine must have lost 
their density by the action of acids.” 

Carl Wedlt says : “It was quite natural to transfer to the teeth the signi- 
fication implied in the expression ‘ Caries of bone ; ’ indeed, the fundamental 
phenomena, namely, the destruction of the hard tissues, offered a striking 
analogy. In their development, however, the two processes by no means pre- 
sent such an identity. Caries of bone, as is well known, is an inflammatory 
process (osteitis) which originates in the soft parts of the bone and erodes its 
hard tissue. This is not the case with the carious process in the teeth, which 
commences in the hard tissues and spreads to the vascularized and nervous den- 
tal pulp. In sections made in a direction transverse to the axis of the radiating 
dentinal canals, a greater or less number of canals are met with whose limit- 
ing walls (the so-called dentinal sheaths) describe unusually large circles, and 
whose cavities are replete with a mass which has in some places a homogeneous, 
in others a molecular appearance, and forms convex projections beyond the sur- 
face of the section. The transverse diameters of the widened and filled canals 
vary, some being at least three times as large as others. The intertnbular 
tissue presents a molecular cloudiness, and is beset with grains having the 
appearance of fat. . . . Since we know that an interchange of material takes 
place in the dentine and cement during life, as is proved by the occurrence of 
atrophies, hypertrophies, and new formations, and that the dentine possesses 
a degree of sensibility, we cannot reject absolutely the idea of a reaction on 
the part of both hard tissues against the effects of external agents. Some 


“ Dental Caries and its Causes,” 1873. 
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authors seem to have had an intimation of this idea, since they were inclined 
to consider the textural changes in carious dentine as vital processes. There 
can he no doubt that the sensibility, sometimes increasing to actual pain, of 
the dentine, when deprived of its protecting covering, is a vital action, and 
that this becomes diminished when the most sensitive, the peripheral portion, 
is destroyed by an external agent. These facts, however, are by no means 
sufficient to enable us to draw a conclusion in favor of the reactionary power 
of dentine in parts which are attacked by caries. In consequence of the 
decomposition of the secretions, acids are formed which extract the calcareous 
salts from the hard tissue, and give inse to a disintegration of the affected 
portions of the latter, in which no inflammatory reaction occurs.” 

Tomes* says: “Although dental caries has been investigated and de- 
scribed by all who have written upon the subject of Dental Surgery, from 
the earliest period when disorders of the teeth first attracted attention down 
to the present time, yet it can scarcely be said that the nature of the disease 
is perfectly understood, for even now two hypotheses prevail. In one the 
disease is assumed to be no disease whatever, but merely the result of 
chemical solution of the dental tissues, and therefore dependent both in its 
origin and its progress on the uncontrolled action of physical and chemical 
laws. According to the other hypothesis, the fact that teeth are part of a 
living organism, if not essential to the origin of the mischief, at all events 
profoundly modifies its progress. . . . Caries is an effect of external causes 
in which so-called ‘ vital ’ forces play no part.” 

The processes concerned in the destruction of the temporary 
teeth were studied in my laboratory by Prank Abbott, but the 
result is not yet ready for publication. The bay -like excavations 
observed in the cement and the dentine are dne to a dissolution, 
first, of the lime-salts, and afterward of the basis-substance, which 
causes the reappearance of bioplasson in certain pre-formed ter- 
ritories. The new infiltration of these territories with basis- 
substance often results, even in the dentine, in a formatioit of 
bone-tissue, and it is probable that the same process takes place 
in the enamel also. How much of the erosions, which are visible 
in these structures, is due to a growth of granulation tissue into 
the dental tissues from without, has not yet been positively 
determined.- 

The development of the teeth has for a number of years been 
studied in my laboratory by C. F. W. Bodecker, and these 
studies are not yet completed. One of the important facts 
gained by the researches of Bodecker is, that the views held by 
former observers, concerning the development of the enamel, 
is erroneous. It is true that the enamel starts as an epithelial 
prolongation of the oral cavity, but the epithelia themselves 
never participate in the formation of enamel. The epithelia 

' ■* “System of Dental Surgeiy,” 1873. 
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break down into mednllary corpuscles, from which arises the 
well-known graceful myxomatous tissue. This tissue again 
returns to the medullary condition before producing enamel, 
the process being identical to that by which dentine is produced. 
Dentine is formed of medullary corpuscles, which are arranged 
in rows at the periphery of the papilla, and which afterward 
change into the glue-yielding basis-substance, the seat of infil- 
tration, with lime-salts. The canaliculi of the dentine are formed 
between the medullary corpuscles, and the dentinal fibers arise 
from a coalescence of the living matter which is present betiveen 
the medullary corpuscles, termed “ odontoblasts.” 


XVII. 


THE LIVER. 


T he liver, the largest gland of the body, is neither acinous 
nor tubular, but has a peculiar structure of its own. Its 
vascular supply is predominantly venous, and is obtained from 
the portal system. From this blood the epithelia elaborate a 
secretion, the bile, which does not exist as such in the blood. 

Corresponding with the lobate shape of the liver, which, how- 
ever, is nowhere very distinctly marked, the intimate structure 
of the liver is lobular, though in man and in most mammals the 
lobules also are not sharply defined, but in many places appear 
confluent. In the pig’s liver the single lobules are easily dis- 
cerned with the naked eye. The lobules are composed of epithelia 
and capillary blood-vessels ; they are inclosed in fibrous con- 
nective tissue, called the interstitial tissue, which is more abun- 
dant in some places than in others, and in many localities is 
altogether lacking. Around the lobules, in the interstitial con- 
nective tissue, run branches of the portal veins, of the hepatic 
artery, the bile-ducts, the lymphatics, and the larger bundles of 
nerves. In the lobules, capillaries are found which are derived 
from veins, and which carry, therefore, only venous blood ; while 
the center of each lobule is occupied by the hepatic vein. The 
system of the portal veins is arranged at right angles to the 
system of the hepatic veins. Where the portal veins are cut 
longitudinally, the hepatic vein appears in transverse section, 
and vice versa. (See Fig. 296.) 

The portal vein, upon entering the hilus of the liver, divides 
into smaller veins, which ramify in all directions, only the 
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larger branches being surrounded by connective tissue. Between 
the lobules the portal vein ramifies into smaller veins, which sub- 
divide into capillaries. The latter arise either from one portal 
vein, which supplies the neighboring lobules with capillaries, or 
from two parallel veins, running in a curved direction corre- 
sponding with the peripheries of two neighboring lobules. These 
veins, which are connected by transverse ramules, split up into 
numerous capillaries for the supply of the lobules. The vessels 



Fig. 290 . — Liver of a Cat. Injected. 


-P, P, I)ranclies of the portal veins, partly snrronnded by interstitial connective tissue; 
O, caiiillaries of the lobules ; H, H, central hepatic vein ; P, bile-duct. Magnified 100 
diameters. 

bordering the lobule are frequently capillary formations, especially 
in those parts where a larger amount of interstitial connective 
tissue is present. 

The capillaries of the lohule are very wide and slightly sinuous. 
We never meet with a uniform distribution of capillaries through- 
out the lobule, for between wide capillaries narrow ones are invari- 
ably found, frequently separating a group of epithelia by their 
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endothelial walls, which are arranged in close contact, without a 
marked caliber. This disposition of vessels is, as a matter of course, 
less noticeable in injected specimens than in those taken from 
livers which are simply hardened. Prom this fact we may infer that 
the capillary system of the lobule is never completely tilled with 
blood ; and if the blood-supply at one surface of an epithelium 
is abundant, the capillary 
at the opposite surface is 
closed. It is also admissi- 
ble to suppose that, by the 
enlargement of a number of 
epithelia, during their secre- 
tory action, some capillaries 
are occluded; or lastly, it 
may be that new capillaries 
are forming in the lobules 
of the liver during the whole 
life of the individual. 

The capillary meshes are 
extremely narrow, so that 
there is never room for more 
than two complete epithelia 
between two capillaries. We 
often find, where the capil- 
laries exhibit a radiating 
arrangement, rows of epi- 
thelia lying between them ; 
and the appearance of these 
epithelial rows is caused by the occlusion of transverse capillaries 
which connect the longitudinal vessels. The transverse capillaries 
in such cases can be recognized by their endothelia with high 
powers of the microscope only. As a ride, therefore, one half of 
the epithelial circumference will be supplied with blood, although 
a greater portion may be encircled by capillaries. (See Fig. 297.) 

The center of a lohiile holds the hepatic vein, which arises as an 
abrupt widening from the confluence of the capillaries. It is 
surrounded by a very small amount of connective tissue, has no 
muscle coat, and is never accompanied by bile-ducts or arteries. 
The hepatic veins, which always occupy the centers of the lobules, 
unite into somewhat larger branches, which are most marked 
on the posterior portion of the liver, and are called suUohular 
veins. By the union of these the hepatic veins proper originate. 



Fig. 297 .- 


-Liver op a Child. 


C, capillary 1)100(1- vessels, partly g.apiiig, partly 
occluded, holding in their meshes the liver ejiitlie" 
lia ; jB, I)ile-capillary (?), cut transversely. Mag- 
nified 600 diameters. 
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The term “ interlobular veins ” is used to designate the portal 
branches lying between the lobules, and the term “ intralobular 
veins ’’ the central hepatic veins. These denominations are, how- 
ever, superfluous and easily confounded. 

The rows of the liver epithelia, as mentioned before, may be 
either single or double — *. e., there may be a capillary blood- 
vessel on either side of the epithelium, or the epithelia may lie 
close together in one capillary mesh. In places where the capillaries 
run in a prevailing longitudinal direction, this relation is not well 
marked, as the epithelia overlap the capillaries on all sides; while, 
in places (see Fig. 299) where the capillaries are cut transversely, 
their relation to the epithelia — these being arranged wreath-like 
around the blood-vessel — is plain. (See Fig. 300.) Some authors 
claim that there is never more than one epithelium in a capillary 
mesh ; if this were true, the small openings at the corners of 
neighboring epithelia (marked B in Fig. 297) would have to be 
considered transverse sections of very narrow or occluded capil- 
laries, and not bile-capillaries. In the human liver it is impos- 
sible to decide in every instance whether a minute transverse 
section in the middle of an epith elial group is a narrow capillary 
blood-vessel or a bile-capillary. Much confusion has been caused, 
especially in the description of morbid processes, by the inability 
of positively discriminating between the two above-named forma- 
tions. Those who claim that the bile-capillaries have an 
endothelial investment certainly must have mistaken capillary 
blood-vessels for them. 

The liver epithelia form a continuous layer around the capil- 
lary blood-vessels, although in thin sections their continuity 
appears interrupted by the calibers of the capillaries. In the 
human liver the single epithelia are cuboidal, irregularly polyhe- 
dral ; in the rabbit’s liver, more or less hexagonal. They exhibit 
one or two nuclei ; the latter condition being rarer in the human 
than in the rabbit’s liver. In the nuclei, as well as in the body of 
the epithelia, the reticular bioplasson structure is visible, as seen 
in all living elements of the tissues, including the epithelial. 
The liver epithelia are separated from each other by a light, nar- 
row rim of cement-substance which is traversed at right angles 
by extremely delicate filaments, identical with the so-called 
^Hhorns” or “prickles” met with in other epithelial formations. 
These features were discovered in my laboratory by H. Chr. Mul- 
ler. The bile-capillaries are simply excavations in the cement- 
substance. (See Fig. 298.) 
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The meshes of the hioplasson reticulum of the liver epithelia, 
shortly after administration of fatty food, contain fat-grannies 
and sometimes brown pigment-grannies (of the bile"?), especially 
in the vicinity of the bile-capillaries ; a diffused brownish pig- 
ment is invariably present. The cement-substance holds, as will 
be shown later, the terminal nerve-fibrillge. At the border next 
to the capillary wall a light rim is visible, traversed by delicate 
filaments, which directly nnite the 
hioplasson reticulum of the epi- 
thelium with that of the endo- 
thehal wall of the capillary. 

The hile-capillaries were first 
described by J. G-erlaeh, and, as 
mentioned before, are excava- 
tions in the cement-substance be- 
tween the epithelia, always at the 
surface of the epithelium, oppo- 
site to the place which comes in 
contact with the capillary — the 
point, therefore, of the least 
pressure. By some authors they 
are termed intra-lobidar bile- ves- 
sels, while those called the inter -lobular bile-vessels, and running 
between the lobnles of the liver, correspond to the bile-ducts. 
The bile-capillaries are destitute of an epithelial investment, and 
are also without a structureless wall of their own. Their loca- 
tion being between two neighboring epithelial surfaces (see Fig. 
298), a portion of the bile- capillary is surrounded and enclosed 
by the cement-substance, while other parts of its circumference 
are in direct communication with the interior of the adjacent 
epithelia — that is, with the meshes of the hioplasson reticulum. 
Thus, it becomes intelligible that, by an active contraction of this 
reticulum, the newly formed bile is forced into the place of the 
least resistance and pressure — i. e., the bile-capillary. 

Successful injections of colored gelatine into the bile-capil- 
laries, by E. Hering, prove that in the rabbit’s liver all these 
vessels pursue a course corresponding to the middle of the 
epithelial surface, and I can, from my own observations, cor- 
roborate the statements of Hering. In the top view, the hexagonal 
epithelia appear to be surrounded by a rim of injected colored 
material, and it is only the darker dots in the middle of a 
colored line, corresponding to the middle of an epithelial snr- 


Fig. 298 . — Liver Epithelia op 
THE Rabbit. [Published by H. 
Chr. Muller in 1876 .] 

GS, cement-substance between the e]>i- 
thelia; JBC, bile-capillary excavated in the 
cement-substance. Magnified 1200 diame- 
ters. 
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face, which indicate the location of the Mle-capillaries. In places 
where the blood-capillaries are cut transversely, most of the 
bile-capillaries will also appear as darker dots between those 
surfaces of neighboring epithelia which are most distant from 
the parts that are in contact with the capillaries. (See Figs. 
299 and 300.) 



Fig. 299. — Eelation between 
THE Capillary Blood - ves- 
sels AND THE Epithelia, in 
A Longitudinal Direction. 
Liver op a Rabbit. Bile- 
Capillaries Injected. 

E, liver epitlielia ; JB, Llle-capillaiies ; 
O, capillary Blood-vessels. Magiiitied 
1000 diameters. 



Fig. 300. — Relation between 
THE Capillary Blood - ves- 
sels AND THE Epithelia, in 
A Transverse Direction. 
Liver of a Rabbit. Bile- 
Capillaries Injected. 

E, liver epitlielia ; B. Bile-capillaries ; 
C, capillary Blood-vessels. Magnified 
1000 diameters. 


In the liver of the cat the relations of the bile-capillaries to 
the epithelia are somewhat different, inasmuch as the capillaries 
run both along the surfaces and the edges of the epithelia (see 
Fig. 302). In the liver of man most of the bile-capillaries run 
along the edges of the epithelia, and to this is due the appear- 
ance of the small, light apertures, which are seen at the point 
where three or four epithelia meet (see Fig. 297). The difficulties 
in discriminating between occluded blood-capillaries and bile- 
capillaries I have before alluded to. Should the conception be 
correct, that several liver epithelia lie around a central bile- 
capillary, while the opposite broad surfaces of the epithelia are 
in contact with the blood-vessels, a tubular arrangement of the 
liver epithelia might become admissible. Some authors have 
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already claimed that the liver of man can he classified among 
the tuhnlar glands (Biesiadecki). In human embryos these rela- 
tions are still more marked, and for this reason Toldt and 
Zuckerkandl have maintained that the structure of the liver of 
human embryos is tubular, each bile-capillary being surrounded 
by from three to five liver epithelia ; the transformation into 
liver- structure proper begins, according to these authors, after 
birth. But, in fact, there is no difference between the liver of 
an embryo, that of a child six years old (see Fig. 277), and that 
of adults, with the exception that the 
individual epithelia appear larger with 
the advancing development of the 
liver. (See Fig. 301.) 

In places where interstitial con- 
nective tissue is most abundant, the 
bile-capillaries, upon approaching the 
periphery of a lobule, produce a sys- 
tem of canals lying between the outer- 
most epithelia and the connective 
tissue, and inosculating with the Mle- 
ducts. These at first are only slightly 
larger than the bile-capillaries, and 
by their union at right angles produce 
larger tubules, which invariably run 
in the interstitial connective tissue 
only. The epithelial lining, at first 
composed of flat and small bodies, 
gradually becomes more distinct, as- 
suming the characters of cuboidal 
epithelia, while in the largest ducts the 

epithelia are distinctly columnar. Toward the central caliber 
the cement-substance produces a distinct investing layer, which 
in the larger ducts is studded with short rods (Virchow), similar to 
those of the columnar epithelia of the intestines. In the smaller 
duets the connective tissue is not differentiated into a separate 
investing layer, while the larger ducts have such a layer, pro- 
vided with elastic fibrillee and a reticulum of capillary blood- 
vessels ; smooth muscle-fibers are also met with in the wall of 
the larger bile-ducts. (See Fig. 302.) 

E. H. Weber has described as vasa aberrantia bile-duets which 
occur, sometimes in large numbers, in membranaceous forma- 
tions on the outside of the liver-tissue, where, evidently, in the 



Fig. 301 
Human 
Months. 


-B, epltlielia, arranged arotmd a 
central bile-capillary ; C, capillary 
blood-vessels, containing a few 
blood-corpuscles, tlieir endothelial 
wall detached from the surface of 
the liver epithelia. Magnified 500 
diameters. 
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more advanced stages of development of the liver an atrophy of 
the tissue had taken place. Such formations are found at the free 
border of the left lobe, in the neighborhood of the portal vein^ 
near its entrance into the porta, and in the connective tissue 
surrounding the gall-bladder. These bile-ducts in some parts 
show very wide calibers, and in others are in the process of oblit- 
eration and transformation into connective tissue. 

The interstitial connective tissue is more abundant the nearer 
it is situated to the porta of the liver ; it is in direct connection 
with the connective-tissue layer of the peritoneum, which, in this- 



Fig. 302 . — Bile-Capillaries, Uniting into Bile-Ducts. 

Injected Liver op a Cat. 

G, inter.stitial comieotive tissue; JP, portal vein, brauoliinj? into cai>illaries, C; J3C, bile- 
capillaries ; BD, bile-duct. Magnilied 1000 diameters. 

locality, bears the superfluous name of Glisson’s capsule. In it 
we meet with large veins, all of which are necessarily portal ; 
with arteries, — viz. : the branches of the hepatic artery, — and 
with capillaries and lymphatics. We find transverse and longi- 
tudinal sections where the union of the smaller with the larger 
ducts takes place. The smaller duets often lack a distinct bore, evi- 
dently from being compressed; while the larger ducts, having a 
distinct lining of columnar epitheha, always exhibit a distinct 
circular caliber. (See Fig. 303.) 
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At the whole periphery of the liver the interstitial connective 
tissue is in connection with the peritoneal capsule. Besides, there 
is also a slight amount of connective tissue said to accompany 
the capillary blood-vessels within the lobule. 

The larger bile-ducts are composed of fibrous connective tis- 
sue, in which numerous acinous or racemose mucous glands are 
imbedded. These glands, especially in the larger vasa aber- 
rantia, exhibit the currant-like shape, and are arranged in regu- 
lar double rows along the longitudinal axes of the ducts. 

The gall-J)ladder, as well as the three largest bile-ducts, are 
lined by a connective-tissue layer abundantly supplied with 



Fig. 303. — Interstitial Tissue op the Liver op a 
Child, near the Porta. 

fr, flijrous interstitial connoctive tissue — so-called Glisson’s capsule ; P, portal vein; C, 
capillary blood-vessel ; D, I), bile-ducts cut iii long-itudiual and transverse directions ; A, 
artery in transverse section ; L, lymphatic. Magnified 500 diameters. 

blood-vessels forming ridges in the bladder. Next to this follows 
a layer of smooth muscle-fibers, which freely interlace, and the 
outermost layer blends with the structure of the covering perito- 
neum. The inner lining consists of columnar epithelia, which 
are prolonged to form mucous glands (Luschka). 

The hepatic artery is, in comparison with the size of the organ it 
supplies, a small vessel, entering the porta with the portal veins. 
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Its brandies are found only in the interstitial connective tissue 
(see Fig. 303). It furnishes the capillaries around the larger 
portal veins and bile-ducts, and those supplying the outer capsule 
of the liver. The capillaries of the interstitial tissue are said, 
by some authorities, to inosculate directly with the capillaries of 
the lobule*, while others maintain that small veins arise from 
the interstitial capillaries and unite with the portal veins. 

The lyniiEiatics of the liver are found in moderately large 
numbers in the interstitial tissue and in the capsule. A portion 
of these vessels leave the liver at the porta, where they form a 
plexus around the portal veins and the hepatic artery, and 
another portion issue from the periphery through all peritoneal 
reduplications, which unite the liver with the adjacent organs. 
The lymphatics have everywhere endothelial walls of their own. 
Von Wittich succeeded in injecting the lymphatics of the liver 
by forcing a concentrated solution of indigo-carmine into the 
trachea of rabbits recently killed by exsanguination. He saw, 
besides the above-mentioned plexuses, other plexuses around the 
hepatic veins, and claims that from the interlobular lymphatics 
prolongations pass into the lobules between the capillaries and 
the liver epithelia. 

The Termination of the Nerves in the Liver. 

By M. L. Holbrook, M. D.* 

As the best histologists have maintained that our knowledge of the termi- 
nation of the nerves of the liver is very slight and imperfect, I have under- 
taken, by a careful and extended series of researches, to throw some light 
on the subject. I have examined livers from the following animals : the 
dog, cat, woodchuck, owl, crow, hawk, and the ox. I have also examined 
the livers of a child and of an adult. The methods which I have employed 
have been the simple carmine-staining of specimens preserved in chromic 
acid, staining with picro-carmine, osmic acid, and chloride of gold. None 
of these reagents proved of much value, except the chloride of gold. The 
use of osmic acid, so highly praised by some observers, in my hands gave 
no satisfactory results, for, though it makes medullated nerves plainly 
visible by rendering them black, it has scarcely any effect on non-medullated 
nerves, and it is these which are to be found in the liver in a far greater 
number than medullated nerves. Chloride of gold, as usually employed, 
also failed to give any good results, but in combination with formic acid 
they were very satisfactory. The suggestion of a combination of chloride 
of gold and formic acid I learned from Lowitt,t and my method of employ- 

* Printed in alustraot from tlie author’s manuscript. 

t “Dio Nerveu dor glatteii Musculatur.” Sitzungsher. d. Wiener Akad. d. Wlssensch., 
Ixxi. Bd. 
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ing it was as follows: Pieces of the fresh liver — best that of man or the 
ox — are frozen in a microtome and cut into thin sections. These are next 
placed in a half per cent, solution of chloride of gold for thirty to forty 
minutes. After this it is immediately washed carefully in distilled water, 
and at once subjected to formic acid of a specific gravity of 112 from five to 
eight minutes. The thinner the sections the less time is required for the acid 
to act upon them. Immediately after their removal from the formic acid 
they must be again thoroughly washed in distilled water and exposed to the 
light, and then mounted in glycerine. 

The place most favorable for finding nerves is the porta. In the ox, in the 
region where the large vessels enter the liver, there is considerable fibrous 
connective tissue, in whieli numerous bundles of mostly non-medullated nerves 
may be seen coursing in the interstices between the bundles. I have 
succeeded best by taking sections from a portion of liver immediately border- 
ing on the hepatic artery, a few inches from its entrance into the organ, or 
some of its branches. I am also of the opinion that the best sections are made 
by placing the material in the microtome in such a maimer that the sections 
are cut vertical to the artery. 

The nerves are marked by a large number of nuclei, by the presence of a 
delicate sheath of perineurium around each fiber, and by the dark violet color 
they had taken on from the treatment before described. 

On the border of the lobules the nerves, which were still in bundles of 
from three to five, sometimes more, ramified and entered the lobules in dif- 
ferent places, mostly branching at acute angles along the capillary blood- 
vessels. As I have traced the nerves entering the lobule to their connection 
with the bundles of nerves between the lobules, no doubt can arise as to the 
nature of the fibers which I have seen. Such fibers are to be found in the 
interlobular connective tissue distant from the porta, as well as in the con- 
nective tissue of the porta itself. Unquestionably, therefore, the nerves pass 
into the lobules and ramify along the capillary blood-vessels. This assertion 
is based on the fact that the ramifying nerves were always seen running in 
the light interstices between the liver epithelia, which, as we know, are 
occupied by capillary blood-vessels only. 

The further course taken by the nerves can be understood only by consid- 
ering the fact hitherto unknown to all observers — namely, that the liver 
epithelia are separated from each other by a delicate layer of cement-sub- 
stance, in the same manner as all other epithelia and endothelia. The 
significance of the thorns contained therein, according to the views of 
C. Heitzmann, is plain. The reticulum in epithelia of all kinds was first 
described by this observer in 1873, and it deserves mentioning that several 
years later E. Klein, of London, claimed to be the first to describe the retic- 
ular structure of the epithelia of the liver. Liver epithelia are in no way 
different from other epithelia, and the reticulum has been proved by H. Chr. 
Miiller to be composed of living matter, while Klein does not appear to have 
any idea of its significance. The reticulum is connected in the center of the 
epithelium with the wall of the nucleus, and at the periphery with those 
filaments which penetrate the cement-substance, and interconnect all neigh- 
boring epithelia. A light rim of this cement-substance is always present 
between the endothelial wall of the capillaries and the adjacent wall of the 
epithelium, and again this rim is traversed by delicate grayish filaments con- 
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meeting the wall of the capillary with the reticulum of living matter in the 
epithelia. This rim of cement-substance proves to be the place where the 
finest fibrillae of nerves course. In specimens treated with chloride of gold 
and formic acid, all structures, except the nerves, were more or less muti- 
lated and rendered indistinct ; but, in specimens previously hardened with 
chromic acid, washed with distilled water, and stained with a half per cent, 
solution of chloride of gold, the relation between epithelia and capillaries is 
very plain. The details can be seen only with high power (1000 to 1200 
immersion) and excellent lenses. The beaded nerve-fibrillse are connected 
by means of delicate threads with the wall of the capillary blood-vessels, as 
well as the threads in the cement-substance between epithelia. Sometimes 
the nerve-filament is so closely attached to the wall of the epithelium, or to 
the capillary, or to both of them, that the light intervening rim and the 



Fig. 304.— Diagram of the Terminal Nerve-Plexus 
OF the Liver. 

jP, portal vein ; D, bile-rtuct ; L, capillary vessels in a longitudinal, T, in transverse sec- 
tion ; E, liver epithelia ; B, bundle ot non-medullated nerve-tibers ; A, axis-librillai, penetrating 
the lobule; N, axis-iibrilUe in the cement-substance between epithelia. 

interconnecting filaments cannot be seen. In other eases, the relations are 
plainly marked. (See Fig. 304.) 

In the cement-substance between the epithelia I have seen delicate fila- 
ments around the capillary blood-vessels, which from analogy I think I am 
justified in taking for nerves. These were visible with high powers in speci- 
mens stained with carmine, but more plainly in specimens stained with 
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chloride of gold. In none of my large number of specimens have I ever been 
able to trace a nerve-filament penetrating into an epithelium, as is claimed to 
occur byE. Pfiuger. Once or twice I observed a peculiar, pear-shaped enlarge- 
ment of the nerve which seemed to be attached to an epithelium, but it was 
evidently only a swelled nucleus of a non-medullated nerve, without a real 
attachment. It often happens that a large non-medullated nerve-fiber ex- 
hibits an oblong, pear-shaped, nucleus-like formation in the axis of the fiber, 
whose continuity beyond the nucleus is represented by extremely delicate, 
beaded axis-fibrillse. 

Mij researches are in accordance with M. Nesterowslcy’s assertions that the 
blood-vessels of the liver, both the larger vessels of the porta and the capillaries 
within the lobule of the liver, are accompanied by filaments of nerves. These course 
in the cement-substance between the walls of the capillaries and the epithelia, and 
also in the cement-substance between neighboring epithelia, without ever entering 
the bodies of the latter. As the filaments traversing the cement-substance are 
formations of living matter the same as the nerve-filameyits, and are in connection 
ivith the reticulum of living matter in the epithelia, we can, I think, understand 
how nervous impulses may be transmitted from the nerves by these bridges, the 
formerly so-called thorns, directly to the epithelia. 

E. Pfiuger* first asserted having seen medullated nerve-fibers reaching the 
surface of the glandular epithelia in salivary glands and in the liver. Accord- 
ing to him, the nerves close to the epithelia lose their myeline investment, 
and are continued as non-medullated nerves penetrating the epithelia and 
terminating in the nucleus. His assertions have not been corroborated by any 
observer. I must deny the correctness of all his assertions concerning the 
termination of the nerves in the liver. 

Kupfer t claims to have seen a few nerves enter the epithelia of the aci- 
nous glands along the oesophagus of the blatta (cocki'oach). As a re-agent he 
used only the vapor of ammonia. 

M. Nesterowsky, t in his very accurate researches, has found the truth, 
and I concur with him in his statements, to which I have added a few more 
facts. This author used the fresh livers of the cat and dog, the blood-vessels 
of which he injected with colored glue. He used as a re-agent the chloride of 
gold in different degrees of dilution, and afterward placed the specimens in 
acetic acid for a few days, adding a drop of ammonia saturated with sulphur- 
etted hydrogen. 

Pathology, The pathology of the liver otfers a wide field for 
research. This organ is often subject to inflammation, which is 
either plastic and terminates in a new formation of connective 
tissue, — the so-called cirrhosis, — or the inflammation is suppu- 
rative, resulting in the formation of abscess. Both forms have 
been studied in my laboratory, as shown by the following articles. 


* “ Nachweis der N’ervenentliguugen in den acinosen Driisen und in der Leber.” Ar- 
cliiv fiir Pliysiologie, 1871. 

t “ Das Verliiiltniss von Driisennerven zu Druseuzelleu.” Arcbiv fiir Microscop. Anato- 
mie, Bd. ix., 1873. 

t Ueber die Nerven der Leber. Vircliow’s Arcliiv, Bd. Ixiii., 1875. 
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Catarrhal or Interstitial Hepatitis, 

By Dr. H. Chr. Muller, New-York.* 

The epitlielia of the liver have a reticular structure common to all ‘‘proto- 
plasmic ” bodies ; the granules, which are points of intersection of the reticu- 
lum, are rather coarse in the liver epithelia of man, and in that of the cat, 
hut very fine in that of the rahhit. All epithelia are separated from each 
other hy light rims of cement-suhstance, traversed by delicate, conical fila- 
ments, identical to those which connect the granules within the epithelia. 
The presence of these formations readily explains a number of morbid proc- 
esses, for it is only the living matter forming the reticulum and the connecting 
threads in the cement-substance which is capable of growing, proliferating, 
and of producing new elements and new tissues. These new formations may, 
however, deviate considerably from the type of the original epithelia. The 



Fio. 305. — Cirrhosis op the Liver. 


XI, X 2 , lobules of tlie liver, considerably decreased in size, partly blending with tbe inter- 
stitial connective tissue, witliout a inai'ked boundary ; Ji, J'^, interstitial tissue greatly aug- 
mented, bolding a moderate amount of blood-vessels. Magnified 200 diameters. 

bile-capillaries are excavations in the cement-substance, and are without 
walls of their own. In transverse section the injected bile-capillaries appear 
circular in the liver of the cat and oval in that of the rabbit. 

In interstitial hepatitis low powers of the microscope show a considerable 
increase of the interlobular connective tissue at the expense of the lobules. 
The vascular supply of this tissue varies greatly in different parts ] in some 
places blood-vessels are numerous, while in others so scanty that even in 
injected specimens large districts are almost without them. In localities 

* Extracted from tbe author’s paper, “Beitragezur Keuntniss der iiiterstitielleu Leber- 
entzimduug.” Sitzuugsber. d. Akadcmie d. Wisseusch. iu Wieu, Bd. Ixxiii., 187P. 
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where the inflammation has reached a high degree, the lobules are reduced to 
less thau a third of their normal diameter, and, unquestionably, many of 
them perish altogether. The boundary between the decreased lobules and the 
surrounding tissue is not everywhere sharply marked, inasmuch as formations 
characterized by a brownish color penetrate the interstitial tissue to varying 
depths, indicating that a transition of one kind of tissue into the other is tak- 
ing place. We also notice that the liver epithelia are no longer arranged in 
regular rows and tracts (this fact was known to former observers), but are 
now clustered in groups or separated from each other by broad interstices. 
(See Fig. 305.) 

In order to answer the query what are the changes that have led to such 
a considerable wasting of the epithelia, we must examine places where there 



Fig. 306. — Boundary op a Lobule of a Cirrhotic Liver, 

TOWARD THE INTERSTITIAL TISSUE. 

E, coale.sceil groiip.s of liver epithelia, in part containing fat-globules; M, ineilullary cor- 
puscles sprung from liver epithelia ; C, interstitial connective tissue, with blood-vessels ; B, 
cross-section of a bile-duct. Magniiied 500 diameters. 

is no marked boundary between the epithelia and the interstitial tissue. 
Here we see that in many places the cement-substance between the epithe- 
lia is missing. A number of epithelia have coalesced into groups destitute 
of cement-substance, or exhibiting only traces of it. Most of the gran- 
ules of the epithelia are enlarged, many of them reaching the size of 
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mieleoli ; others appear as nearly homogeneous, shining lumps of a brownish 
tint. In this process of growth the granules of the nuclei also participate, 
and, where before a nucleus was present, we often find coarse granules inter- 
connected by filaments. Through the increased size of the granules and the 
coalescence of neighboring epithelia, large, coarsely granular bodies arise, in 
which, evidently by an outgi’owth of some of the granules, uew nuclei appear, 
never attaining, however, the size of the original nuclei. (See Fig. 306.) 

In the next stage we observe marks of division appearing in the multi- 
nuclear bodies, and thus varioiis-shaped elements arise, which remain inter- 
connected by delicate filaments traversing the light rims. They form the 



Fig. 307. — Boundary of Two Lobules of a Cirrhotic Liver 
Toward the Interstitial Tissue. 


E', coalesced liver epithelia; multiunclear Bodies, sprung from epithelia; ii/, medul- 
lary corpuscles, the offspiiiig of the epithelia ; J, interstitial connective tissue, holding Blood- 
vessels ; C, irregularly sinuous capillaries. Magnified 600 diameters. 

indifferent, medullary, embryonal, or granulation tissue, which still retains 
the original brownish-yellow color of liver epithelia. As some of the cor- 
puscles are infiltrated with basis-substance and others elongated into spindles, 
they produce the so-called “ young or unripe ” connective tissue. The inter- 
stitial tissue is, to a great extent, composed of these spindles. These forma- 
tions, which with low powers of the microscope strongly resemble fibrillte 
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with higher powers, are shown to he narrow, spindle-shaped elements, the 
arrangement of which in rows produces the fibrous appearance. At first this 
tissue has but little basis-substance, and the spindles exhibit a delicate 
gi’anulation, owing to the presence of the reticulum of living matter. The 
greater the amount of firm basis-substance present, and the more nearly 
the connective tissue resembles cicatricial tissue, the more its striated or 
fibrous character becomes apparent, although in tliese places the primary 
spindle shape of the elements may still be recognized. 

I have demonstrated that the transition of epithelium into connective 
tissue takes place, and I further maintain that the living material of the epi- 
thelia, under anomalous conditions, is capable of proliferation, and the result 
of this proliferation is connective tissue. (See Fig. 307.) 

The relation between the liver epithelia and connective tissue in the pro- 
cess of cirrhosis has repeatedly been the subject of study. 

C, Eokitansky * says that the reticula of the liver-cells become pale, and 
finally disappear in a reddish-gray or grayish mass of connective tissue. In his 
view the liver-cells first become cloudy, afterward shrivel and disintegrate into 
a detritus mixed with granules of bile-pigment, which at last disappears also. 

Holmt and Hiittenbrenner j: maintained that in traumatic inflammation 
the liver may be directly converted into connective-tissue cells. 

Rindfleisch § likewise assumed that, in the formation of the frame of 
cancer, a transformation of liver-cells into connective tissue takes place. 

A. Winiwarter, 1| on the contrary, is convinced that, at least in the human 
liver, the eiJithelia are never changed into connective-tissue cells, but that 
the epithelia simply perish, and all the newly appearing connective tissue 
originates from the interlobular connective tissiie of the liver. 

Hiittenbrenner, by inserting a needle into the liver-tissue, has caused, 
around the circumference of the needle, transformation of the liver epithelia 
into spindle-shaped bodies. Very likely it is merely the mechanical pressure, 
which, in the \dcinity of sarcoma or carcinoma nodules, leads to the spindle 
shape of epithelia. In cirrhotic livers such spindles are of not infrequent 
occurrence, and it is possible that they may be compressed liver epithelia ; 
but they are never the elements of connective tissue directly arisen from the 
epithelia. Where such a transformation occurs, it invariably is brought 
about through the intermediate stage of endogenous new formation of living 
matter in the epithelia, and by the subsequent division of the latter. In the 
vicinity of shriveled lobules, in the midst of the connective tissue, we occa- 
sionally see spindle-shaped clusters of epithelia. It is quite possible that 
these comparatively little changed groups have escaped the process of trans- 
formation, as is indicated by their brownish-yellow color. On the other 
hand, the assumption is admissible that they are the remains of the endo- 
thelia of larger blood-vessels, or of the epithelia of bile-dncts. (See Fig. 
308). 

Fatty degeneration is of common occurrence in cirrhotic livers. We often 
see in an epithelial body, globules which, after being treated with strong 
alcohol, leave empty spaces;, or sometimes, within the epithelium, small fat- 

* “ LehrbucU (ler Pathol'. Anatonile,” 1861. 

t “ Sitzungsber. it. Wieuer Akad. d. Wissensch.,” 1867. 

t “ Archiv f. Mikroskoi). Anatomie,” Bd. v. 

? “ Lehrbncli der Pathol. Gewebelehre,” 1873. 

II “ Wiener Mediz. Jahrbiicher,” 1872. 
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grannies are seen connected by delicate filaments with «ieighboring granides. 
In some places the fatty metamorphosis reaches high degrees, invading sin- 
gle epithelia, the remnants of which are found around the fat-globule. This 
process, however, is apparently not very common ; more frequently, by coa- 
lescence of several epithelia, multinuclear bodies arise, which are in part or 
wholly transformed into fat, or the division of the body into irregular medul- 
lary elements has already been accomplished before the fatty metamorphosis 
had started. The manner in which the fatty change proceeds is as follows : 
Some of the coarse granules in the epithelia assume a peculiar, dull luster, 
and their contours become indistinct ; then a number of fat-gi’anules appear 
in an epithelium, but what their further changes are I am unable to tell. 
(See Fig. 309.) 

Where several epithelia coalesce by a liquefaction of the cement-sub- 
stance, it is certain also that a number of bile-capillaries perish. In other- 
places, on the contrary, the ledges of the cement-substance are considerably 
widened, and we may safely conclude that a secretory activity of the epi- 



Fig. 308. — Boundary of a Lobule op a Cirrhotic Liver 

TOWARD THE INTERSTITIAL TISSUE. 


i, liver epitlielia; -B', i^^ spindle-shaped remnants of liver epithelia; C, row of inedullary 
corpuscles, prohahly arisen fi-om :i former hlood-vessel ; B>. Hi, bile-ducts in cross-section- 
Magniiied 500 diameters. 

thelia is possible up to the time when they are transformed into medullary 
corpuscles. Thus we can understand why the secretion of bile is interfered 
with in the highest degrees of cirrhosis only. 

Larger bile-ducts are sometimes found in abundance in the interstitial 
connective tissue, and they may be recognized as such so long as their 
epithelium remains unchanged. Should this epithelium proliferate, in con- 
sequence of the endogenous outgrowth of liviug matter, it becomes impos- 
sible to distinguish between bile-ducts and similarly changed blood-vessels. 
I could never discover any new formation of bile-ducts, although it has been 
maintained by some authors that such a formation does occur. 
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A large number of the capillaries of the lobules are destroyed in tbe 
process of cirrhosis ; for injected specimens plainly demonstrate that the 
calibers of most capillaries are considerably narrowed, and not permeable to 
the injected gelatine. Other capillaries, on the contrary, are irregularly 
widened (see Fig. 309). Thus we meet, besides capillary blood-vessels 
engorged with blood, solid cords, which from their course must be consid- 
ered as obliterated blood-vessels. 



Fig. 309. — Cirrhotic Liver. Blood-vessels Injected. 


-ir, miiltiiuicleai' boiliCs, sprung from liver epitlielia ; partial transformation of an 
epitlielinm into fat ; F^,F^, complete transformation of einthelia into fat; C'l, C*, irregular 
capillaries — injected. Magnified 500 diameters. 


First, the vascular walls appear thickened and transformed into nearly 
homogeneous, yellowish, shining tracts, in which the boundary lines of former 
endothelia are no longer recognizable. This change causes a noticeable 
narrowing of the caliber, while later the walls fuse together into a solid cord. 
In such a cord a differentiation takes place into small medullary corpuscles, 
analogous to those arising from the liver epithelia, and producing an increase 
of connective tissue. In this manner numerous blood-vessels are obliterated 
and perish. The interstitial connective tissue in cirrhosis of the liver is 
known to be scantily supplied with blood-vessels. 

The results of my researches are the following : 

In the normal liver of man, cat, and rabhit, the glandular epithelia are 
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separated from each other htj cement-snhstance, lohicli is traversed hij the sjadres 
connecting the epithelia. The Jyile-enpillaries are excavations in the cement-snh- 
stance. 

In interstitial hepatitis the living matter of the liver epithelia is augmented 
and the ceme)it-snbstance is in part liquefied. From coalesced groups of liver 
epithelia nmltinuclear bodies arise, which, through the formation of new cement- 
substance, brealc up into a number of indifferent elements. These'give rise to an 
abundant new formation of connective tissue. 

In the process of liquefaction of the origimtl cement-substance numbers of bile- 
capillaries are destroyed. The blood-vessels, through an increase of the living 
■matter in their walls, are transformed into solid cords, which afterward divide 
into indifferent corpuscles, and at length give rise to fibrous connective tissue. 

In miliary tuherculosis of the lii'er the inflammatory new for- 
mation invariably starts in the interstitial connective tissue. The 
smallest nodules discernible by the aid of the microscope are 
found to consist only of globular clusters of inflammatory cor- 
puscles, in which no former constituent structures (veins, arteries, 
and ducts), are recognizable, and for this reason it is impossible 
to determine from which striictnre the tuberculous formation 
originated. Large tubercles are formed at the expense of the 
epithelia of the lobules, which are in this case broken down into 
inflammatory corpuscles in exactly the same manner as in inter- 
stitial hepatitis. The most characteristic feature of this condition 
is the complete destruction of the original blood-vessels and the 
absence of a vascular new formation. The inflammatory cor- 
puscles are distinguished by their small size and the presence of 
an indistinct myxomatous reticulum similar to that found in 
lymph-tissue. 

Syphilitic (jumma originates as an inflammatory process in the 
interstitial connective tissue, with subsequent destruction of the 
liver epithelia, through their transformation into medullary 
corpuscles. All these corpuscles remain interconnected, repre- 
senting a tissue ; they give rise to a new formation of basis- 
substance, which is only exceptionally advanced to the stage of 
flbrons connective tissue, but usually remains homogeneous, and, 
as a rule, exhibits waxy metamorphosis. The basis-substance con- 
tains a few small plastids, generally without nuclei ; and larger 
irregular plastids singly or in clusters, which, from their brown 
color, may be regarded as being liver epithelia, but slightly 
changed. In some places these plastids are abundantly supplied 
with dark brown pigment-granules, and clusters of such grannies 
may be found scattered throughout the basis-substance. The 
central portions of the gumma are often disintegrated and trans- 


THE LIVElt 


695 


formed into a crumbly, cheesy mass, owing- to the complete 
absence of newly formed blood-vessels. 


Mickoscopical Studies on Abscess op the Livee." 

By J. C. Davis, M. D.^ 

Abscess of the liver is due in most, if not in all cases, to an inflammatory 
process in some of the organs of the abdominal cavity, from which the radi- 
cles of the portal system take their rise, excepting, of course, those cases 
which are due to a parasitic origin (Echinococcus). Abscess of the liver 
seems to follow only embolism in the portal vein. These embolisms are due 
to transported particles of pus or shreds from the wall of some pus-cavity, 
which, being carried into the portal system, produce either suppurative phle- 
bitis in the porta liepatis — the so-called pyle-phJebitiH — or suppurative process 
in any part of the liver in which an embolus may have lodged. The cpiestion 
why pus or tissue in suppuration, if transmitted into a healthy tissue, should 
again produce suppuration, cannot be satisfactorily answered. We know that 
pyiBmia, which is invariably due to a primary suppurative process on the outer 
surface of the body, or in an internal organ, is very commonly accompanied 
by multiple abscess in ‘the liver. The conclusion that such abscesses are 
mainly produced by embolism of pus gains ground, if we consider the fact 
that pyaemia will never ensue unless suppurative phlebitis be present in the 
neighborhood of the primary suppuraticjn. 

My microscopical studies are made on sections from a case of pyaemia. 
Sections from this liver, if viewed with a power of one to two hundred diame- 
ters, exhibit innumerable foci of inflammation. Some are yet in the earliest 
stage, and others in full suppuration. All inflammatory foci have their seat in 
the interstitial tissue, built up by the relatively small amount of connective 
tissue, which heretofore has been called “ Glisson’s capsule.” Some consist 
merely in a* slight infiltration of this tissue, others occupy its whole amount 
between several lobules, while others are produced by both involution of the 
interstitial tissue and the lobules themselves. Lastly, there are inflammatory 
foci in which no distinction between interstitial connective and epithelial tis- 
sue of the lobule is possible, but all look granular with a low power, which 
means that there have already formed, or are forming, small abscesses. 

The origin of abscess of the liver is evidently the same as that of plastic 
interstitial hepatitis and miliary tuberculosis of the liver, although the termi- 
nation is entirely different in the three kinds of inflammatory process. In the 
process termed plastic interstitial hepatitis, the termination consists in a new 
production of dense, fibrous connective tissue, the result being that which we 
call cirrhosis of the liver. In tuberculosis the inflammation leads to a com- 
plete loss of blood-vessels in certain territories, with the result of shrinkage 
of the inflammatory elements originating from all the tissues in a circum- 
scribed territory. They become separated and isolated, thus producing that 
which we call a tubercle or a dry abscess. 

H. Chr. Miiller has demonstrated that, in cirrhosis, not only the interstitial 
connective tissue and the capillary blood-vessels are transformed into inflam- 

* Abstract of tlie author’s paper. Archives of Medicine, August, 1879. In accordance 
with the noiuenclaturo adopted in tlii.s hook, tlio term “protoplasm” is changed into “hio- 
pl.Tsson.” 
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matory elements, but that the liver epithelia also share in the formation of 
such elements, through the increase of the living matter in their bodies. The 
result of this is a recurrence of the formation of indifferent or medullary 
corpuscles. All these corpuscles remain uninterruptedly connected with each 
other, become spindle-shaped, and are partly transformed into basis-sub- 
stance, so as to produce a considerable amount of fibrous or homogeneous, 
dense connective tissue. Thus, the participation of the liver epithelia in the 
inflammatory process fully explains why, in cirrhosis, many of the lobules are 
so considerably reduced in size, while the newly formed connective tissue, 
which very soon retracts, is so notably and greatly augmented. The objec- 
tions which might be raised against Muller’s conclusions are based merely 
irpon hypothetical gi’ounds — viz.: that epithelia would never produce con- 
nective tissue, and that, on the contrary, connective tissue never would pro- 
duce epithelia. This objection falls to the ground in consideration of the fact 
that, in the earliest stages of embryonal development, there are present indif- 
ferent or medullary elements only, from which all future tissues must neces- 
sarily arise. 

As to the origin of the inflammatory elements in tuberculosis of the liver, 
direct observations are lacking. It is reasonable to conclude, however, that 
in tuberculosis, just as well as in cirrhosis, the liver epithelia themselves 
furnish a large amount of medullary tissue. I have met with a ease of tuber- 
culosis in the liver of a duck, in which some of the lobules were partly, 
others entirely, transformed into yellow tubercles, evidently through the par- 
ticipation of the eirithelia in the prod^ietion of indifferent eleihents. 

As to suppuration of the liver, my studies have led me to the convic- 
tion that, although the inflammatory process commences in the interstitial 
or connective tissue, soon thereafter the epithelia also become involved, 
taking their part in the formation of indifferent or medidlary elements. 

In the earliest stages of interstitial hepatitis, marked only by slight 
changes of the connective tissue, we see with higher powers of the micro- 
scope (1000-1200 diameters) that the bioplasson bodies — the couneetive- 
tissue cells — are coarsely granular; the nucleus is hidden by the coarse 
gi’anules, or it is visible in the shape of a shining, homogeneous globule of 
living matter. Globules of varying size are also scattered throughout the 
fibrous basis-substance, and have evidently originated from particles of 
living matter, which in the normal condition produce the living reticulum in 
the basis-substance. Such formations appear in the largest number around 
the blood-vessels, both arteries and branches of the vena porta. Next we 
see that the fibrous basis-substance has completely disappeared, and is 
replaced by a large number of partly shining homogeneous, partly nucleated 
lumps, which are connected with each other by means of delicate threads. 
(See Fig. 310.) 

In this stage the blood-vessels in the inflamed tissue are as yet recog- 
nizable, although their endothelial walls are considerably thickened, the 
endothelia themselves beiirg engaged in an active new production of Ihfing 
matter ; while the central lumen is first narrowed, afterward completely lost 
and filled up with inflammatory elements. It is the same process of pro- 
liferation which breaks down the portal veins, the hepatic arteries, and the 
bile-ducts ; the same process which leads to the consolidation of the capil- 
laries within the lobules and their transformation into inflammatory cor- 
' puscles. In foci of inflammation, where the process has advanced up to the 
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formation of pus, the connection of the single hioplasson bodies is lost. Here 
isolated pus-corpuscles are suspended in the albuminous serum, which latter, 
in chromic acid specimens such as I have exclusively used for examination, 
looks finely granular. The epithelia within the lobules of the liver at the 
same time share in the inflammatory process in a very marked way. Firstly, 
they swell up; the cement-substance becomes invisible between a number 
of epithelia, which now look like 
large, irregular clusters. The 
epithelia and the hioplasson 
bodies arising therefrom be- 
come coarsely granular, with 
their living matter augmented 
to such an extent that the nu- 
clei are mostly concealed ; they 
have in part also become in- 
creased in size, shining, and 
homogeneous. Many of the 
granules assume the shape of 
nuclei, and throughout the 
whole cluster new lines of de- 
markation appear, which lead 
to the foi’mation of compara- 
tively small hioplasson bodies, 
viz., inflaminatory elements. 

All these elements are first di- 
rectly connected with each 
other by delicate threads, and 
in this condition represent an 
indifferent tissue, closely re- 
sembling that formed from the 
connective tissue. Lastly, how- 
ever, they are completely sep- 
arated from each other and 
represent pus-corpuscles. (See 
Fig. 311.) 

The transformation into pus 
may be localized in the inter- 
stitial connective tissue alone ; 
or ‘it may involve the interstitial 
connective tissue and a portion 
of the neighboring lobules ; or 
lastly, a large territory of the 
liver-tissae, being engaged in 
the inflammatory process, 
breaks down into pus. The re- 
sult under all circumstances 


Fig. 310. — Diagram op the Formation 
OF Pus IN THE Interstitial Connect- 
ive Tissue op the Liver. 


PV, i)ortaI voiu ; B, I)ile-duct ; C, tibrous connect- 
ive tissue; H, cluster of iutiannuatoiy corpuscles, 
sprung from epithelia of a biie-duct ; I, homogeneous 
lumps, first appearing in the connective tissue ; MC, 
niedullaiy corpuscles, interconnected ; PC, pus- 
corpuscles. 


will be an abscess, varying only in size. As to the emigi’ation of colorless 
blood-corpuscles, which was thought to be the only source of pus (J. Cohn- 
heim), I have nothing to say. The origin of pus, in my specimens at least, 
could be satisfactorily traced from the breaking down of the tissue itself, so 
much so, that in my opinion the emigrated colorless blood-corpuscles, if 
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they were present at all, could have been by no means the main soiu*ee of 
the pus-corpuscles. 


Abscess sometimes forms in the liver, which is never made manifest by 



noticeable symptoms — the patient going on perhaps for years, and finally 
dying from some other disease, or from some traumatic cause. This never 
happens in multiple abscess of the liver in pysemia, as the disease is generally 

rapid in its course, and death 
its result. In a case of forma- 
tion of abscess of the liver of 
long standing, the abscess be- 
comes encysted. The changes 
leading to the formation of a sac 
around the abscess have been 
studied by myself, in a speci- 
men in which a liver-abscess of 
the size of a man’s fist was 
formed on the convex surface, 
close to the peritoneum, which 
was found transformed into a 
tough pseudo-membrane of at 
least 4 mm. in thickness, and 
closely adherent to the dia- 
phragm. 

Microscopic sections, made 
through the pseudo-membrane 
and the adjacent portions of the 
liver, again illustrate the way in 
which the pseudo -membrane, 
memhrana pijoiiena, had been 
formed. It was very plain to be 
seen that the interstitial con- 
nective tissue of the liver and 
the connective tissue of the 
peritoneum were broken down 
into indifferent elements. The 
epithelia of the liver were trans- 
formed into medullary tissue in 
exactly the same way which I 
have described above, when 
speaking of the formation of an 
abscess. The difference was, 
that in the latter instance the 
medullary elements were left in 
ujiinterrupted continuity. In 
some places the medullary cor- 
puscles became spindle-shaped, 
and were partly transformed 
into a basis-substance, that led to the formation of a delicately striated cica- 
tricial connective tissue. The main mass of the medullary elements, how- 
ever, had been simply transformed into a homogeneous or slightly granular 
basis-substance, with rather scanty bioplasson bodies. Inclosed in this 


Fig. 311.— Diagram of the Formation 

OF Pus FROM THE EpITHELIA OF A 

Lobule of the Liver. 

LE, liver epitlielia ; C, capillary Blood-vessel ; 
SE, narrowed cai)lllary, witli swelled endotlielia; 
EG, coarsely granular epitlielia, partly transformed 
into mnltiunclear lamps; MC, medullary corinis- 
cles, sprung from both the epithelia of the liver 
and endotlielia of the capillaries, all interconnected ; 
7'C, pus-corpuscles. 
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mass I met with scanty capillary hlood-vessels, and a large nnmher of islands 
of unchanged liver epithelia, which latter had escaped the transformation 
into medullary corpuscles and became involved in the newly formed connect- 
ive tissue. (See Fig. 312.) 

The conclusions I have arrived at are as follows : 


MC 


1. The inflammation invar iahly starh' in the interstitial connective tissue of the 
liver, and secondarily involves a 

varyiny amount and number of 
the lobules of the liver. 

2. Both the connective tissue 
with its blood-vessels and the epi- 
thelia of the lobules, through an 
increase of the living matter, be- 
come transformed into endrryonal 
or medullary elements, thus con- 
stituting what is termed the in- 
flam mn tony inflltra tion . 

3. The medullary elemen ts orig- 
inally connected with each other 
by means of delicate thorns in 
turn become isolated by rupture 
of these thorns, and now, being 
susjwndcd in a serous fluid, rep- 
resent pus-corpuscles, the sum 
total of wh ich is called an abscess. 

4. The pus-corpuscles, there- 
fore, are a direct offspring of the 
liver-tissue, both connective and 
epithelial, and no indication could ^ 
be seen of an emigration of color- 
less blood-corj) uscles. 

5. On the boundary of the ab- 
scess the inflammatory tissue is 
transformed into a homogeneous 
or striated connective tissue, 
building a wall around the abscess. 

In the formation of this also the 
peritoneum shares, if the abscess 
has formed near it. 



LE 


Fig. 312. — Diagram of the Forma- 
tion OF A Connective-tissue Capsule 
AROUND AN ABSCESS OP THE LiVER. 


MC, medullary corirascles, arisen from Loth the 
epithelia of the lohule and the inttirstitial connect- 
ive tissue ; S, medullary corpuscles, spindle-shaped, 
I)artly transformed into hasis-suhstance, M; LE, 
island of unchanged liver epitlielia. 


In the foregoing- article 
reference is made to the 
probability of embolism of 
pns-corpuscles in the portal 
veins, causing pysemic ab- 
scess of the liver. This is in accordance with the older views held 
by Crnveilhier, Piorry, Schuh, and others, while Virchow denied 
the possibibty of such an occnrrenee. 

In microscopic examination of the liver of a man who, after 
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extirpation of cancer of the throat, died of pyaemia, the fii'st rigor 
having set in fonr days before death, infarctions and abscesses 
were found in the lungs, the liver, and the kidneys, nowhere 
large or nnmerons. (This is the same case to which Dr. A. W. 
Johnstone refers in his article, see page 546.) Sections through 
the tissue of this liver, at a point where an infarction the size of 


Fig. 313. — Suppurative Hepatitis in Pyaemia. 

i'F, portal vein filled with blood- and pns-corpuscles ; A, hepatic artery, containing hlood- 
iind pus-corpuscles; LV, lymph-vossel ; BI), bile-duct; LE, eiuthelia of a lobule of the liver. 
Magnified 600 diametei's. 

a hazel-nut had occurred, which, to the naked eye, looked dark 
pnrple-red at its periphery and yellowish in its center, exhibited 
the following peculiar features. (See Fig. 313.) 

The portal veins were engorged with coarsely granular, irreg- 
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ularly globular corpuscles, red blood-corpuscles, and a finely 
g-ranular detritus. The coarsely granular bodies were very 
numerous, and showed the characteristics of pus-corpuscles — 
viz. : the granules of living matter which they contained were of 
greatly varying sizes. In colorless blood-corpuscles, even of per- 
sons of a good constitution (see page 62, Fig. 20), the granules 
are more or less uniform in size, and their increase in snch an 
irregular manner could be due only to inflammation. Hence, the 
diagnosis of pus-corpuscles in the portal veins was made. These 
corpuscles could not have originated hi loco, for the surrounding 
connective tissue displayed very slight, if any, inflammatory 
changes. A branch of the hepatic artery also contained a lim- 
ited number of corpuscles of this kind — on an average, smaller in 
size than those found in the portal veins, and pale, granular 
plates were also seen in the caliber of the artery, which were 
probably detached endothelia of the vessel itself. This specimen 
seems to prove that pymmia is really caused by the embolic 
accumulation of pus-corpuscles, which circulate in large numbers 
in the whole vascular system. The older views concerning the 
cause of pyemia unquestionably deserve attention, although it is 
difficult to explain why pus-corpuscles, collected in a certain nar- 
row, vascular district, should excite purulent inflammation in the 
neighboring tissues. 

At the periphery of the infarction the liver epithelia appeared 
unchanged, and the capillaries contained a large number of irreg- 
ular, coarsely granular bodies, in some places completely chok- 
ing the caliber, though without producing dilatation. All these 
bodies were markedly smaller than those found in the portal 
veins, and yet in part slightly exceeding the size of colorless 
blood-corpuscles. From what I have stated before, a diagno- 
sis of pus-corpuscles in the capillaries might be admitted. Still 
more striking features were certain elongated bodies noticed in 
the calibers of the capillaries, of the size and aspect of epithelia. 
The possibility of their being detached vascular endothelia cannot 
be denied. If there were a positive proof that cancer epithelia 
could be carried into the circulation and produce embolisms in 
certain narrow, vascular districts, we would certainly be brought 
one step nearer to the understanding of how secondary carci- 
noma forms by embolism. Such a proof, however, has not yet 
been obtained. (See Fig. 314.). 

Fatty degeneration is of rather common occurrence in the 
liver. We can trace the transformation of the bioplasson-grannles 
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()t‘ the epithelia into fat-gTanules step by step. By tbeii* coales- 
cence fat-globnles originate, which replace the central portions 
of the liver epithelia, including the nucleus, while, even in high 
degrees of fatty degeneration, every epithelium still shows a 
peripheral (sometimes very narrow) zone of unchanged reticular 
bioplasson around the central fat-globule. Further studies are 
required before positive statements can be made concerning the 
nature and cause of fatty degeneration of the liver. 

Pif/nientary degenerafion is observed chiefly in livers of persons 



Fig. 314. — Suppurative Hepatitis in Pyemia. 


LE, iincliaiigcd liver epithelia ; PC, capillary blood-vessels, coiitaiiiiug blood- and pus- 
corpuscles; CE, epithelia (cancer-elements 1 ) in a cai)illary blood-vessel. Magnified 800 
dianfeters. 

who had been for years affected with severe forms of so-called 
malarial poisoning. In such livers I have found grannies of a 
dark brownish or black pigment, accumulated mostly in the epi- 
thelia bordering the central hepatic vein, and some coloring 
matter was also found, as a rule, in the neighborhood of the 
portal vein. Onr knowledge of the causes of the formation of 
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pigment in the liver epithelia is very limited, although specula- 
tions on this point are numerous. 

TV axy degeneration is likewise often observed in the liver- tissue, 
principally in persons who for years before death suffered from 
exhausting disease, such as syphilis, tuberculosis, nephritis, pro- 
fuse suppuration, etc. The increase in the size and weight of 
such livers, and their lardaceous apj)earance, are well known ; but 
neither the cause nor the intimate nature of the waxy metamor- 
phosis are understood. The microscope reveals that the epithelia 
and the connective tissue are reduced into meduUarjT^ corpuscles, or 



Fict. 315. — Waxy Degeneration of the Liver. 


D, bile-duct; C, interstitial connective-tissue, •with plastids, partly unchau}?ed, partly 
■waxy ; E, liver i!i)itlieUa breaking down into jnedullary corpuscles ; If', liver ex)ithella in com- 
plete waxy metamorphosis. Magnified 500 diameters. 

the epithelia transformed into clusters, with faint traces of medul- 
lary corpuscles, before the infiltration with, or the transformation 
into, waxy material takes place. Further studies are needed to 
throw more light upon the nature of this change. (See Fig. 315.) 

Yellow Atrophy of the Liver. By J. A. Eockwell, New York.* 

Dr. Heitzmanii handed me for examination pieces from the livers of 
two persons, exhibiting distinct signs of yellow atrophy. One of the eases 

« “Microscopical Studies in Yellow Atrophy of the Liver.” The Eew England Medical 
(Tazetie, 1882. 
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was of an acute character, the person having died eight days after the first 
appearance of jaundice ; while in the second case, two weeks before death, 
severe symptoms characteristic of yellow atrophy set in, though the clinical 
symptoms for some time previous had been those of interstitial hepatitis, 
with cirrhosis. 

In specimens obtained from these two cases, a difference was noticed in 
accordance with the clinical history. In the first case all the evidences 
pointed toward a very acute destructive process in the liver, without any 
other complications ; in the second case, the features pointed toward an 
acute catarrhal or interstitial hepatitis, combined with those of yellow 
atrophy. In fact, some observers have claimed that both these processes are 
so far identical that yellow atrophy must be considered merely as a very 
acute interstitial hepatitis. This view, however, I cannot corroborate. 

Sections obtained from the first case, when brought under the microscope, 
exhibited as the most striking feature the want of calibers throughout the 
portal system, the intra-lobular capillaries, and hepatic veins. The second 
striking feature was the more or less marked reduction of the size of the 
lolmles of the liver. The third point was a partial engorgement of the 
capillary blood-vessels of some lobules, combined with extravasation of 
blood. The fourth point was the disappearance of the lobules and the trans- 
formation of all the constituent tissues of the liver into a granular mass — 
the so-called detritus. In addition to these points a fifth was present in the 
second case, comprising the phenomena of acute interstitial hepatitis. 

Whereas, in normal liver-tissues the portions between the lobules abound 
in large veins belonging to the portal system, in yellow atrophy such vessels 
are either invisible, or, if present, considerably changed in their aspect. 
Portal veins, which were still recognizable as such, presented an irregular, 
seemingly jagged, bordering line surrounding an angular, as if compressed 
or collapsed caliber. This, instead of containing blood, held only a brown 
granular mass, composed of shriveled, partly disintegrated blood-corpuscles. 
The branches springing from such portal veins were stretched to a narrow 
.slit, which was bounded by medullary corpuscles, and, outside of these, by 
the so-called structureless layer present beneath the endothelia in the normal 
condition. The stretching of the vessels of the portal system to such a 
degree that their calibers were entirely lost, was observed in all places in 
which the disease had reached a high degree, though still in its initial stage. 
The former caliber was marked by the presence of endothelia, partly broken 
down into medullary corpuscles which were closely attached to each other, 
and on either side was seen a somewhat denser tract of connective tissue 
corresponding to the walls of the vein. The capillaries exhibited the same 
features ; most of them were compressed to such a degree that the endothelia 
of the wall touched each other. Such thoroughly compressed capillaries were 
in communication with less compressed ones, filled apparently with detached 
endothelia and medullary corpuscles, evidently sprung from endothelia, and 
with scanty red blood-corpuscles. 

The interstitial tissue was everywhere augmented, and composed of a 
large number of globular or irregular elements, such as we observe in the 
inflammatory process. But, while in simple acute inflammation the globular, 
homogeneous elements composed of solid bioplasson are largely prevailing, in 
yellow atrophy they were much less numerous, the finely granular bodies 
being largely in excess. The latter are divided into lumps of small size. 
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showing, with high powers of the microscope, a scanty reticnlum of hioplasson 
in clusters, which are separated from each other by narrow, light rims, though 
still interconnected by delicate, grayish filaments. In most places the tracts 
of the former fibrous connective tissue could be recognized only by the rows 
of such split-up medullary corpuscles. 

The bile-ducts in the interstitial tissue were well preserved, still being 
lined by cohimnar epithelium, both in longitudinal and transverse sections ; 
but their calibers were invariably compressed. Further changes of the epi- 
thelia of the bile-duct consisted in the disappearance of the nucleus and in 
the division of the epithelia, partly into homogeneous, shining, partly into 
finely granular lumps, which, by their regular arrangement in rows, reminded 
one of their origin. At last, all differences between lumps sprung from con- 
nective tissue, and those arisen from bile-ducts, faded away. 

The lobules of the liver were considerably reduced in size ; in some places 
to one-half, to one-third, to one-tenth of the former diameter. This was the 
result of the transformation of the liver epithelia into medullary corpuscles, 
as is observed in infiammation generally. The gradual changes of the epi- 
thelia resulting in this destruction were as follows : First, the nucleus becomes 
invisible, due, as revealed by high amplifications, to its splitting up into a 
reticulum similar to that constructing the epithelial body. Next, the ledges 
of cement-substance between the epithelia disappear, and a number of epi- 
thelia coalesce into granular masses containing a varying number of granules 
and globules of fat. In this stage the rows of liver epithelia are still seen. 
With higher powers we recognize the . granulation of epithelia to be due to 
the presence of their hioplasson reticulum, which is very much more marked 
than in the normal condition. This distinctness of the reticulum is due to 
an increase of the size of the meshes and a scanty new formation of bioplas- 
son within the epithelia ; in fact, coarse gi’anules of hioplasson, and homoge- 
neous, shining lumps, are found in them exceptionally only. The next step 
in the destruction of the epithelia is that within the cluster new lines of divi- 
sion appear, di'sdding the clusters into numerous, irregular medullaiy ele- 
ments, all of which are composed of rarefied hioplasson reticulum, and none 
of which have a micleus. (See Fig. 316.) 

In some lobules, likewise decreased in size, the blood-vessels were en- 
gorged and the interstitial tissue crowded with red blood-corpuscles. The 
changes of the epithelia of such lobules were the same as before described. 
As the engorgement of the capillaries and the extravasation of blood in some 
places occupied quite extensive fields, I cannot help suggesting that what the 
authors have termed “red atrophy” of the liver, combined with “yellow 
atrophy,” is due only to the engorgement of the blood-vessels and an extra- 
vasation of blood. 

In the highest degrees of the disease the lobules of the liver had entirely 
disappeared, and, as a residue of the former liver-tissue, nothing was left but 
an accumulation of medullary corpuscles, or particles of varying sizes, be- 
tween which were seen small tracts composed of spindles, besides a varying 
number of fat-globules. The most marked feature of this tissue was the 
absence of new formation of living matter. Indeed, only a few larger lumps, 
composed of a somewhat coarser reticulum of hioplasson, could be seen, while 
the main mass was an aggregation of small lumps, indistinctly bordered by 
light interstices, and marked by the absence of nuclei and the presence of an 
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extremely rarefied bioplasson reticulum. The connection of the lumps apd of 
the reticulum itself was nowher,e broken, so much so that this remnant of the 
former liver-tissue still deserves the name of tissue, and cannot he called 
detritus. Where the living matter of the constituent tissues of the liver, which 
is so noticeably decreased in amount, has gone to, I am unable to say. Nev- 
ertheless, I am positive that the reduction of the size of the whole liver is 
entirely due to a loss of its living matter. 

As before mentioned in the second case which I examined, there wei’e 
marked features of acute interstitial hepatitis. The interstitial tissue in 
some places was crowded with globular inflammatory corpuscles of a coarsely 
granular or homogeneous appearance, several of which were inclosed in a 
mesh of a delicate fibrous reticulum. At the border of the lobule the stages 
of transition of liver epithelia into medullary or inflammatory corpuscles 



Fig. 31 G. — Yellow Atrophy of the Liver. 

E, cluster ol liver epithelia with iudistiiict nuclei ; V, compressed capillaries ; B, capillary 
engorged with I’ed hlood-corpuscles ; L, division of liver epithelia into irregular lumps, with 
a rarefied bioplasson reticulum and a few fat-granules ; S, accomplished disintegration into 
particles of varying sizes, mixed with red blood-corpuscles. Magnified 800 diameters. 

could be plainly seen. In other places the breaking down of the liver 
epithelia proceeded nearly simultaneously from the epithelia of the lobule 
left, with the result that, instead of shining, homogeneous, only finely gran- 
ular, irregular medullary corpuscles were seen. The process was essentially 
the same as in the first case, although of much less intensity, and there was 
also present a more decided inflammatory new formation than in the first 
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ease. In tlie interstitial tissue, exhibiting marked inflammatory changes, 
there were observed in some places numerous bile-ducts, while in other 
places these were entirely absent. 

The results of these researches may be summed up in the following 
statements : 

1. Yellow atrophy consists in the breaking doivn of all constituent elements of 
the liver into irregular lumps of medullary elements, accompanied by a considera- 
ble loss of living matter. 

2. The disease has one feature in common with inflammation — i. e., the reduc- 
tion of the constituent tissues into inflammatory corpuscles ; but the essential 
feature of inflammation, namely, the new formation of living matter, is absent. 

3. Fatty degeneration is no characteristic sign of yellow atrophy, as in both 
cases fat was presen t only in a small amount. 

4. There are combinations of acute catarrhal or interstitial hepatitis ivith yel- 
low atrophy, but in tvhat causal relation to each other I have not determined. 

5. lied atrophy, combined ivith the yellow, is very probably due merely to a 
partial engorgement of the capillaries and extravasation of blood. 

6. Most of the vessels belonging to the portal system of the liver being collapsed, 
the conclusion is admissible that the disease is due to an impeded circulation in 
the larger portal vessels. The partial engorgement of the capillaries and the 
extravasation of blood could be explained by an impeded circulation in the hepatic 
artery. 

One of the most recent writers, J. Dreschfeld,* gives the following sum- 
mary of the present condition of this subject, briefly stating the main points 
about which authors at present disagree : 

“(1) As regards the icterus, many believed it to be of the hepatogenic, 
others believe it to be of the hematogenic kind. 

‘‘(2) While all are agreed that the chief lesion in the liver — whether 
acute liver atrophy be considered a general disease (as most observers 
believe) or primarily a local disease — consists in a fatty degeneration of 
the liver-cells, some writers (e. g., Winiwarter, Wiener Mediz. Jahrb., 1872) 
think that the first change consists in an inflammatory process in the inter- 
lobular areolar tissue, which only secondarily causes fatty degeneration of the 
liver-cells. Again, according to Levitski and Brodowski (Virchow’s Archiv, 
vol. Ixx., p. 421), there is, prior to the cell-degeneration, a cell-imoliferation 
in some parts of the liver-lobules, these observers having seen numerous liver- 
cells three to four times smaller than the normal livei’-cells in those parts of 
the liver-parenchyma which had not yet undergone degeneration. 

“ (3) As to the relation of the red to the yellow atrophy, most patholo- 
gists now believe that the red atrophy is only a more advanced state of the 
yellow atrophy, and is found in cases which run a slow course (Zenker, Peris, 
etc.) ; while Klebs, on the other hand, believes the two to be essentially dif- 
ferent processes. 

'^(4) The red atrophy is characterized by a more complete disintegration 
of the liver-cells, by the presence of an interlobular, embryonic tissue, and of 
rows of cells resembling glandular tubes, supposed by some to be proliferat- 
ing biliary duets (Cornil and Eanvier), by others to be the surviving columns 
of hepatic cells (Thierf elder, in Ziemssen’s ‘ Cyclopedia,’ vol. ix., p. 254). 

* “ On the Morbid Histology ot the Liver in Acute Yellow Atropliy.” Jour. Anat. and- 
Jhysiol., Lonil., 1880-1, xv., 422-430. 
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“( 5 ) Lastly, some observers (Waldeyer, Zander) have discovered bacteria ■ 
ill the atrophied liver. (In Zander’s ease, however, the autopsy was not per- 
formed until fifty-eight hours after death.) ” 

In 1854 and 1862 H. Lebert gave a careful analysis of seventy-two 
eases, together with an abstract of the literature of acute yellow atrophy 
from 1660 to 1862. 

This subject has since been treated at length by A. Thierfelder, t who 
brings down the discussion to 1877. I have examined twenty-eight con- 
tributions published since this date, which, with the exception of that of 
Dreschfeld, I find to consist chiefly of clinical reports. ' 

• Virchow’s Aroliiv, 1854, vii. 343 ; “Archives G6nerales cle Meil.,’’ 1862, i., 431. 
i Ziemsseii’.s “ Cyclopedia,’’ Amerlcau edition, ix., 254. 
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THE RESPIRATORY TRACT. 


T he function of the respiratory tract is the exchange of gases, 
mainly carbonic acid gas for oxygen, and for this purpose 
there is free access of the atmospheric air to the lungs by means 
of tubular formations. The nasal cavities must be considered as 
the beginning of the respiratory tract, although the oral cavity 
can serve for the same purpose. While all cavities and canals 
of the body, when at rest, are closed by folds of the mucosa, the 
cavities and passages engaged in the respiratory function are 
open either by means of the surrounding bones and cartilages 
such as the nasal cavities, or by cartilages alone, as the larynx, 
trachea, and the bronchi. The lungs themselves, where the 
gaseous exchange takes place in all higher developed animals, are 
kept in open communication with the outer world by the elastic 
tissue, which is present in large amount in the walls of the 
alveoli. The lung contains air, “ residual air,” from the first 
inspiratory movement of the newly born child, the amount being 
merely augmented by inspiration and lessened by expiration. 
In the foetus, before birth the alveoli of the lungs are closed, and 
such lungs are called af elect atic. The same condition is pro- 
duced by the choking of the alveoli by the products of inflamma- 
tion, or a transformation of the lung-tissue into solid connective 
tissue, or by the pressure of exudate in the pleural cavity. The 
capillaries, like all structures of the lungs, are developed before 
birth, but become filled with blood only after the first inspiratory 
movement. 

(1) The two sides of the nasal ca vity are divided into a respira- 
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tory and an olfactory portion. At its beginning' the wall of the 
nasal cavity has the same structure as the skin. It is freely sup- 
plied with hairs and sebaceous glands, and covered by a stratified 
epithelium. Behind the pyriform aperture the stratified epithe- 
lium is changed into columnar, ciliated epithelium, whose cilia are 
directed toward the choanae. The connective tissue producing 
the mucous layer is abundantly supplied with acinous glands, 
which produce a serous secretion. Toward the upper narrowed 
olfactory portion of the nasal cavity the ciliated epithelia disap- 
pear and are replaced by simple columnar epithelia. 

In the lateral cavities, which are in connection with the nasal 
cavity, the thin mucosa is covered with ciliated epithelia, but the 
acinous glands are very scanty. According to E. Znckerkandl, 
in the upper wall of the maxillary sinus there is a tongue-shaped 
portion of the mucosa, richly supplied with glands ; this portion 
is characterized to the naked eye by a pale yellow color. The 
mucosa of the nasal cavities has an abundant vascular supply, the 
veins being wide and united into a plexus. On the convex surface 
of the concha, more particularly at its posterior extremity, the 
veins produce a cavernous tissue (Henle). In the lateral ca\dties 
the blood-vessels are far less numerous. 

The olfactory portion of the nasal cavity is, according to M. 
Schultze, limited to its roof to the upper turbinated bone, except 
the lower border, and to the upper portion of the septum narium. 
This portion is characterized by a yellowish color, the mucosa 
being broader than in the respiratory portion, and freely sup- 
plied with nerves and tubular glands, and, as a rule, also with 
clusters of brownish pigment. 

The epithelial lining attains, in this situation, a considerable 
size, and, as M. Schultze discovered, is composed of columnar 
epithelia, between which are lodged the olfactory epithelia. The 
latter consist, according to him, of a fusiform, nucleated body, 
occupying the lower portion of the epithelial row, with polar 
prolongations of varying lengths. The peripheral offshoot ex- 
hibits varicose enlargements, and in many animals holds on its 
surface delicate cilia, which have no analogue in man. The 
central otfshoot has the features of non-medullated nerve-fibers, 
and very probably is in direct union with the terminal branches 
of the (non-medullated) olfactory nerve. The feet of the col- 
umnar epithelia proper exhibit pencil-like ramifications, serving 
for their attachment to the subjacent connective tissue, and are 
often supplied with brown coloring matter. According to S. 
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Exner, there is no essential difference between the eolninnar and 
the olfactory epithelia, which exhibit forms of transition^ the 
reticnlar layer at the bottom of the epithelia being destined for 
their indirect connection with the terminal fibers of the olfac- 
tory nerve. The tubular glands (Bowman), which occupy the 
whole breadth of the mucosa, are said to be lined by columnar 
epithelia. 

(2) The larynx is composed of a cartilaginous frame, which 
serves for the attachment of the striped muscles and the mucosa 
through the intervening periehondrinm. Most of the cartilages 
are hyaline, but freely intermixed with fibrous, especially in 
the middle portion (see page 206, Fig. 79). The epiglottis, the 
snpra-arytenoid and cuneiform cartilages are composed of retic- 
ular cartilage, and this variety is also, as a rule, found in the 
processus vocales of the arytenoid cartilages. The cartilage of 
the epiglottis is in several places divided by fibrous tracts, con- 
taining a few blood-vessels, and in its laryngeal surface excava- 
tions are seen for the reception of large mucous glands. 

The mucosa of the larynx is either uniformly composed of a 
loose, fibrous connective tissue, or of dense fibrous tissue near 
the surface (vocal bands), and loose submucous tissue in the 
deeper portions. Both are freely supplied with elastic fibers, 
which are especially developed in the mucosa of the vocal bands. 
In the latter situation longitudinal bundles of smooth muscle- 
fibers are intermixed with the connective tissue. The submucous 
layer contains large quantities of lymph-tissue, more abundant 
in children than in adults, although in the larynges of the latter 
we find tissue of this kind in the mucosa covering the ventricles 
and the ventricular folds. In addition, a varying amount of 
fat-globules is also observed in the submucous tissue. 

The papillee of the mucosa of the larynx are very small, and 
it is only at the glossal surface of the epiglottis and in the 
region of the arytenoid cartilage that they are more marked. 
Along the posterior wall of the larynx, and on the ventricular 
folds, the mucosa is duplicated into elevations, which are often 
mistaken for papillse. 

At the glossal surface of the epiglottis the epithelial cover is 
broad and stratified, and supplied with formations similar to 
gustatory buds. The stratified epithelium gradually decreases 
in breadth after passing over the edge and the laryngeal surface 
of the epiglottis. Toward the lower third of the latter it is 
changed into ciliated columnar epithelium, w'hich lines the 


712 


THE liESTIBATOBY TEACT. 


whole inner surface of the larynx, except that, over the vocal 
bands, delicate stratified epithelium is seen, which is most marked 
in the middle portions. Here, at the boundary of the connective 
tissue, a narrow, so-called hyaline layer is also noticed, w’hieh is 
found in no other portion of the inncosa of the larynx. 

The epithelial cover passes, with nnmerons prolongations, 
into the connective tissue, forming acinous glands. These appear 
as extended, flat layers underneath the mucosa covering the vocal 
bands ; while they constitute more or less globular formations 
in other portions. The largest mucous glands are foimd, as a 
rule, at the lower portion of the laryngeal surface of the epiglot- 
tis and along the posterior wall of the larynx. 

The blood-vessels in the mucosa of the larynx are expanded 
into several flat layers, and in some places we can distinguish three 
such layers, whose meshes become narrower near the surface. 
The largest veins are found in the mucosa covering the posterior 
wall. The lymphatics also produce two indistinctly marked lay- 
ers, the meshes of the upper layer being narrower than those of 
the lower. The nerves are said to be supplied with nnmerons 
ganglionic elements. 

(3) The trachea is a rigid, elastic tube, composed of incomplete 
cartilaginous rings, which, at the posterior wall, are closed by a 
layer of fibrous connective tissue abundantly supplied with elas- 
tic substance. The cartilage of the tracheal rings is hyaline, but 
in the middle portions fibrous, similar to the laryngeal cartilages ; 
the fibrous structure being more marked in adults than in chil- 
dren. The mucosa is in close connection with the perichondrium, 
and has a nearly uniform composition of delicate, fibrous con- 
nective tissue, scantily supplied with lymph-tissne, but with an 
ample supply of blood-vessels, among which wide capillaries and 
veins are the most marked. Nearer the surface a delicate layer 
of smooth muscle-fibers is found, arranged usually in a circular 
direction. In the posterior wall, at the places where the cartilage 
is lacking, the circular muscles produce a broad layer, uniting 
the blunt ends of the cartilage, and on the peripheral portion of 
the posterior wall large longitudinal muscle-bundles are found. 
The mucosa of the trachea is destitute of papillae, but lies in folds 
along the inner circumference. If these are well marked in the 
anterior portion, then the posterior portion, where the cartilage 
is absent, is without folds. The innermost layer of the con- 
nective tissue produces a delicate basement-membrane, which, 
however, is not invariably present in all tracheae. (See Fig. 317.) 
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The lining epithelium is , of the ciliated colnmnar variety, 
indistinctly stratified — the cilia being directed, as in the larynx, 
toward the throat. Its prolongations form racemose mucous 
glands, lying in flat layers close above the perichondrinm, and 
globular formations in the posterior wallj in the latter situation 
they are especially large and nnmeroiis. Their ducts traverse the 
mucosa in an oblique direction, and are lined by colnmnar epi- 
thelia, which, near the opening at the surface, are supplied with 
cilia. Similar features can also be observed in the bronchi. 

(4) The lungs are composed of minute cells or alveoli, which 
are inclosed by fibrous connective tissue, a group of alveoli being 
connected with a bronchiolus or alveolar duct. This union of 
alveoli and alveolar duct is called a lobule, the general shape of 
which is conical, with the base directed toward the periphery of 



E, ciliated columnar epitlielium ; S, liyaline or basemeut-laj-er ; F, fibrous connective tissue 
of the mucosa ; M, circular bundles of smooth muscle-fibers ; F, J), ducts of mucous glands, in 
longitudinal and transverse section ; G, racemose mucous glands ; P, i>erichondrium ; C, hya- 
line cartilage. Magnified 200 diameters. 

the lung, and its apex connected with a bronchiolus. This rela- 
tion is most marked in the peripheral portions of the lungs. 
The terminal alveoli bear the superfluous name “infundibulum.’^ 
The widening of the bronchioli into the lung-cells is abrupt, and 
single cells, or cells arranged in small groups, may be seen 
attached to the bronchiolus before it terminates into the lobule. 
The lobules are separated from each other by a broader layer of 
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comiective tissue, and the polygonal fields thus produced are 
distinctly marked on the surface of the lung. 

The bronchi having subdivided at acute angles, the carti- 
laginous rings gradually disappear, and in the small bronchi 
are reduced to a few irregular plates. The muscle-layer, on the 
contrary, increases in size, and the smaller bronchi exhibit a 
very distinct circular layer of smooth muscle-fibers. The finest 
bronchi have only scanty circular muscle-fibers. The fibrous 
connective tissue composing the terminal bronchi is freely sup- 
plied with elastic substance, and so long as the bronchi course 
between the lobules they are attached to the lobules by loose 
connective tissue, having a capillary system of its own. The 
hyaline basement-layer is more marked the finer the bronchi, 
and is covered by a stratified columnar, ciliated epithelium. In 
the bronchioli of less than 1 mm. diameter, the stratification ()f 
the epithelia is nowhere marked, though they remain ciliated to 
the point, where the bronchiolus (alveolar duct) widens into the 
alveoli of the lung. The columnar epithelia gradually decrease 
in height, and finally blend with the flat, non-ciliated epithelia, 
covering the inner surface of the alveoli. All bronchi are sup- 
plied with acinous mucous glands, which are located above the 
muscle-layer, and become fewer and smaller as the bronchi 
decrease in size. In the bronchioli only simple acinous glands 
are found, which disappear altogether when the bronchiolus 
enters a lobule. 

Each lobule of the lung is composed of a number of alveoli, 
which are semi-globular protrusions, separated from each other 
by folds or septa of connective tissue. The septa, together with 
the delicate inclosing connective tissue, constitute the wall of an 
alveolus. The connective tissue is marked by a rich reticulum 
of elastic fibers. The separating folds are never entirely effaced, 
even in an expanded lung ; though by the inspiratory act they 
become more shallow, as is demonstrated by the examination of 
lungs, into the aerial passages of which air or gelatine had been 
injected before hardening in chromic acid. 

The vascular supply of the lungs is very abundant. The 
arteries which carry the venous blood are characterized by their 
straight course ; while the veins which carry the arterial blood 
have an irregular, slightly sinuous appearance. Both accompany 
the bronchioli, ' the arteries being surrounded, besides the mus- 
cle-layer, by a marked adventitial coat of fibrous connective 
tissue. The bronchi have an independent system of blood- 
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vessels, destined also for the nutrition of the adventitial coat 
of the larger blood-vessels ; their capillaries, however, inoscnlate 
with those of the alveoli of the lung. 

The branches of the pulmonary artery, upon reaching the 
lobules, rapidly decrease in diameter, and supply the alveoli 
with a rich reticulum of capillary blood-vessels, which is located 
du-eetly underneath the flat, alveolar epithelium, and is often 
seen, toward the central space, rising above the level of the 



Fig. 318 .— Lung of Man. Blood-vessels Injected. 

A, imlmoiiary artery ; C, capillaries of tlie alveoli ; W, -walls of tlie alveoli ; Ji, Lronclms, 
ill transverse section. Magniiieil 200 diameters. 

alveolar wall. In such bulging portions the endothelia of the 
capillaries are ea.sily discerned. (See Fig. 318.) 

In sections made through injected and hardened lungs, the 
walls of the alveoli are marked by the presence of the pre- 
capillary, arterial, and venous vessels, and by an apparently 
more abundant reticulum of capillaries. Some of the alveoli 
exhibit the capillary reticulum in parts or throughout their 
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entire extent, while other alveoli appear empty. Both these 
conditions become intelligible if we bear in mind that the blade 
of the knife passes through some alveoli near their periphery, 
and through others across their centers ; the former will show 
the capillaries in front view, in the latter none at all will be 
visible. The thickening of the capillary reticulum along the 
walls is due simply to their optical shortening in the top view of 
the septa. If we look into a basket, the bottom gives the hiirdle- 
work in fi-ont view, therefore extended, while the walls show the 
hurdle condensed, and thus the wall appears thickened. By this 
iiimile the structure of the lung becomes easily understood. 

Upon applying the high powers of the microscope, we 
recognize the broad capillary reticulum at the bottom of the 
alveoli, while the same reticulum appears shortened and con- 
densed along the septa. Close above the blood-vessels we see the 
extremely delicate layer of flat epithelia, which has often the 
appearance of a granular mass with regularly interspersed nuclei, 
while the cement-substance is not plainly marked. The injection 
of a solution of nitrate of silver brings into distinct view the 
dark brown lines of the cement-substance, interrupted by delicate, 
transverse light lines, which correspond to the connecting flla- 
ments (thorns). F. B. Schulze discovered two varieties of lung- 
epithelia, viz. : small, coarsely granular, and large, pale, nearly 
homogeneous bodies; this difference is marked only in those 
human lungs which have been engaged in respiration. Henle 
maintains that the epithelium cannot be seen in human lungs ; 
but there is no difficulty whatever in observing it even in 
injected specimens. (See Fig. 81^.) 

Neither lymphatics nor nerves seem to be very numerous in 
the lungs, and neither the origin of the former nor the termina- 
tion of the latter are yet explained. Some authors assert that 
the lymphatics of the lungs are mere clefts in the connective 
tissue, without any walls of their own. As we know that the 
lymphatics everywhere constitute a closed system of vessels, with 
an endothelial lining, contrary assertions, especially regarding 
the lymphatics of the lungs, unless clearly demonstrated, deserve 
little attention. The ultimate terminations of the nerves have 
not yet been discovered. 

Patliologij. In autopsy the lungs of adults are seldom found in 
a perfectly normal condition. Besides the hypermmia which 
accompanies fatal diseases, serous effusion, called (Edema of the 
Jungs, is often met with, representing a secondary and concomi- 
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taut condition of different diseases which, terminate fatally. In 
microscopical examination of specimens of lungs hardened in a 
solution of chromic acid, oedema can he diagnosticated by an 
engorgement of the capillaries with blood, by a slight enlarge- 
ment of the interstitial connective tissue, due to the saturation 
vdth a serous liquid, without marked inffammatoiy changes, and 
by the presence of a finely granular mass, the coagulated sero- 
albuminous liquid within the alveoli. In this mass are imbedded 
a comparatively small number of red blood-corpuscles of bio- 
plassoii bodies, which are probably emigrated colorless blood- 



Fig. 319.— Alveoli of the Lung of Man. Blood-vessels 
Injected. 

A, nlveolus ; V, i)nlmoiiary vein, sprung from tlie union of tiio caiullary reticulum; TU, 
vail of tlie alveolus ; E, flat epitlielia, covering tlie inner surface of the alveolus. Magnified 
500 diameters. 

corpuscles, and detached epithelia of the alveoli, which are 
swollen and partially dropsical. 

.Pigmentatioti of the lungs is never found in newly born 
children, but is marked in proportion to the exposure of the indi- 
vidual during life to a smoky or dusty atmosphere. The lungs of 
toliacco-smokers and coal- workers show high degrees of black 
pigmentation, which gives the tissue a peculiar variegated 
appearance. The lungs of laborers in coal-mines, in iron foun- 
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deries and in brass founderies, all show differences in color. The 
pigment in the alveolar epithelia consists of minute black gran- 
ules, and in the interlobular connective tissue it is present in 
clusters. The bronchial lymph-ganglia are found jet-black in 
persons with pigmented lungs, owing to the coloring matter 
carried into the lymph-tissue from without. There is no founda- 
tion, however, for the assertion that such an accumulation of 
pigment causes serious diseases of the lungs, although it is 
unquestionably a morbid condition. 

Emphysema is another morbid condition of the lungs of very 
frequent occurrence. It consists in a mere dilatation of the alve- 
oli, — vesicular emphysema, — or in a rupture of the septa and a 
union of a number of alveoli — lobular emphysema. It is caused 
by forced inspiration and impeded expiration due to obstructions 
of the air-passages, and their consequent dilatation by coughing, 
in chronic laryngitis and bronchitis. Emphysema is found most 
commonly along the anterior borders of the lungs. The over- 
distention of the alveoli gradually leads to a loss of the elasticity 
of the wall, and to a permanent dilatation of the alveoli. In 
higher degrees there is a rupture of the distended septa without 
hgemorrhage, as the blood-vessels become obliterated before the 
rupture takes place. Higher degrees of emphysema invariably 
lead to hypertrophy of the heart, interstitial hepatitis, and 
catarrhal or croupous nephritis, with general anasarca and fatal 
termination. (See Fig. 320.) 

Inflammation of the lung (pneumonia) appears in two principal 
varieties: croupous or fibrinous or lobar pneumonia, B.ndL catarrhal 
or lobular pneumonia. The former involves, nearly uniformly and 
in a comparatively short time, large portions of the lung-tissue, 
whole lobes, or the entire lung *, the latter is located in single 
lobules or in groups of lobules, and runs a more protracted 
course. Children under five years of age are very rarely affected 
with croupous pneumonia, but the catarrhal form is of frequent 
occurrence in early life. Under the microscope the distinguish- 
ing features are as follows : In croupous pneumonia the intersti- 
tial connective tissue is not markedly changed or increased ; the 
alveoli are slightly distended and filled with an interlacing coag- 
ulum of fibrine, in which are entangled red blood-corpuscles, 
inflammatory corpuscles, and detached alveolar epithelia in vary- 
ing numbers. In catarrhal pneumonia the interstitial tissue is 
increased and crowded with inflammatory corpuscles ; the alveoli 
are distended by a finely granular, albuminous exudate, contain- 
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iiig large quantities of inflammatory corpuscles and detached 
alveolar epithelia, which exhibit features of an endogenous new 
formation of pus-corpuscles. A third variety is the jylastic inier- 
stifial 2^neumonia, which is conflned to the interstitial connective 
tissne, and which leads either to cirrhosis or to hypertrojjhy of 
the Inngs. A fourth variety is represented by the destructive 
imrulent pneumonia, which appears either as a uniform infiltra- 
tion of large portions of the lung-tissue, or in the shape of 
abscesses. 

( a) Groiipous Fneumonia. The most striking feature of this 
variety is the slight change in the interstitial connective tissue — 



Fig. 320. — Emphysema op the Lung. Blood-vessels Injected. 


jV, W unchanged .alveoli; B, B, dilated alveoli; F, F, ruptured alveoli; V, pulmonary 
vein. Magnified 100 diametei'S. 

the blood-vessels are engorged with blood; nevertheless, the 
walls of the alveoli are only little broadened. If we consider the 
enormous quantity of inflammatory corpuscles present in the 
alveoli, the conclusion becomes admissible that the majority of 
the inflammatory corpuscles are emigrated, colorless blood-cor- 
puscles. It is not probable that either the connective-tissue 
frame or the detached alveolar epithelia could, in so compara- 
tively short a time, produce such quantities of exudation corpus- 
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eles. Ill the initial stages of croupous pneumonia, or in its 
milder forms, — the so-called flahhy liepaUzation , — the pathologi- 
cal changes are best observed. See Fig. 321.) 

Red hepatization, under the microscope, is characterized — in 
addition to the engorgement of the blood-vessels — by the presence 
of numerous red blood-corpuscles in the exudation plug, which is 
found to consist of a varying amount of coagulated fibrine 
closely attached to the Avail of the alveolus. In the progTess of 
pneumonia a great many capillaries are destroyed, for the nearer 
the process approaches to gray hepatization, the fewer are the 



Fig, 321.— Croupous Pneumonia. Blood-vessels Injected. 

W, wall of alveolus ; with the coagulated telt-work ot fihrine fllliiig the alveoli are entan- 
gled i2, red hlood-corpiisclos ; C, iiifiaTuraatoiy corpuscles (emigrated, colorless hlood-corpus- 
cles'O ; i?, detached epithclia of the alveoli. Magnilied 500 diameters. 

capillaries discernible in the alveolar walls, while those that still 
remain are very much distended, without being engorged by red 
blood-corpuscles. The gray color of the lung-tissue is largely 
due to this loss of capillaries. The plugs in the alveoli are found 
the more uniformly detached from the alveolar wall, the farther 
the pneumonia has advanced toward gray hepatization, and in 
the plugs composed of exudation-corpuscles no coagulated fibrine 
is discerned. With the new formation of capillary blood-vessels 
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and tlie reestablislinieiit of the circulation, the disease terminates 
in recovery, manifested by the complete throwing off of the 
plugs, which are saturated with liquid exudate, and thus 
loosened. 

Sometimes in persons of a moderately good constitution, in 
lobar pneumonia exhibiting all features of croupous inflamma- 
tion, the fibrinous exudation is scanty and the alveoli contain 
mainly an albuminous mass holding numbers of inflammatory 
corpuscles. In such cases there is sometimes no reformation 
of the blood-vessels destroyed in the pneumonic process, and 
the tissue, then deprived of nutriment, becomes firm and gray- 
ish yellow, and finally changes into a yellow, cheesy, crumbly 
mass. This represents the so-called cheesy pneumonia, which 
is identical with tuberculosis, although originating in larger 
districts of the Inng-tissne and under more marked inflamma- 
tory symptoms than tuberculous foci in general. In cheesy 
pneumonia, the existence of which is marked by the continuance 
of the physical signs of pneumonia with the so-called “ hectic ’’ 
fever, the interstitial tissue is transformed into inflammatory 
corpuscles the same as in catarrhal pneumonia, and by this pro- 
cess in turn most of the blood-vessels are destroyed. The alveoli 
are filled with an inflammatory tissue which had its origin entirely 
in the alveolar walls. In these the elastic substance resists the 
inflammatory process in most, but not in all cases, and in more 
advanced stages of the disease numbers of inflammatory cor- 
Ijnscles are shriveled, owing to the want of the nourishing blood- 
vessels, and torn apart or disintegrated, while the elastic frame 
of the former alveoli is still recognizable. Shriveled inflam- 
matory corpuscles always exhibit irregular outlines, a fine granu- 
lation, and pale nuclei, owing to a deficiency of living matter 
w'hich characterizes the phthisical constitution of the patient. The 
combination of these appearances produces the cheesy, crumbly 
or tuberculous mass. A liquefaction of the mass is possible 
only in localities where the neighboring blood-vessels had, at 
least for a time, escaped the infiammatory destruction. Fatty 
degeneration is, as a rule, combined with the cheesy metamor- 
phosis, as indicated by the presence of crystals of fatty acids. 
{See Fig. 322.) 

A third and very rare termination of croupous pneumonia 
consists in the brown hepatization of a lobe. This condition is 
due to a new formation of interstitial connective tissue, scantily 
supplied with blood-vessels — i. e., hypertrophy of the Inng- 
46 
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tissue, with profuse pigmentation of the newly formed tissue, the 
pigmentation being probably caused by an incomplete develop- 
ment of red blood-corpuscles or heematoblasts. 

Hypostatic pneumonia is the consolidation of the pendent portions of the 
lung toward the end of life. It consists in an engorgement of all the blood- 
vessels, a sero-albuminous exudation, and a profuse detachment of the alveolar 
epithelia. The latter and a varying amount of red blood-corpuscles and 
exudation corpuscles, which in all probability are emigrated colorless blood- 
corpuscles, compose the plug choking the alveoli. The interstitial tissue 
takes no active part in the process. 

fb) GcitarrJi(ilpneiimonia. The most characteristic feature of 
this form is the inhammatory new formation in the interstitial 



Fig. 322. — Cheesy Pneumonia, or Chronic Tuberculosis 
OF THE Lung. 

E, elastic frame of the former aJveolar walls ; S, slnivelert inflammatory corpuscles ami 
S’l’anular detritus ; M, so-called margai’ic acid ciystals. Maj?uified 500 diameters. 

connective tissue. The alveoli are filled with an albuminous 
exudate, holding inflammatory corpuscles, produced in part by 
the proliferation of the connective tissue, in part by an endo- 
genous new formation in the alveolar epithelia j to some extent 
they may also be due to an emigration of colorless blood-corpuscles, 
which occurrence is possible so long as the blood-vessels are not 
destroyed. With a new formation of the lost blood-vessels cure 
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will ensue. If, on the contrary, the inflammatory tissue-like 
new formation which Alls the interior of the alveoli he entirely 
deprived of its nutrient alveolar blood-vessels, a tubercle will be 
the result, corresponding in size with the avascular lobular dis- 
trict. This is the most common termination of catarrhal pneu- 
monia, and is almost inevitable in persons of a poor constitution. 
(See Fig. 323.) 

So long as the inflammatory corpuscles remain interconnected 
by delicate filaments — i. e., remain a tissue — small districts, not- 
withstanding the lack of blood-vessels, may become supplied with 
basis-substance similar to that of cartilage, the so-called horny 



Fig. 323. — Catarrhal Pneumonia op a Child, Changing 
TO Tuberculosis. 


IW, unchauged wall of alveolus; XF, wall of alveolus crowded with iuflaiuniatory cor- 
puscles; C, .alveolus filled with coagulated albumen, intlaumiatory corpuscles, aiuIF, detached 
alveolar epithelia ; D, cluster of iuflanmiatoiy corpuscles, lu conimeuciiig shrinkage. Mag- 
nified 500 diameters. 

metamorphosis or obsolescence of the tubercle. As soon, on the 
contrary, as the connection of the inflammatory corpuscles is 
broken, and the inflammatory new formation ceases to be a 
tissue, the corpuscles will shrivel, in part become disintegrated 
— in short, undergo the “cheesy’’ metamorphosis. In the sur- 
rounding lung-tissue, which is still provided with blood-vessels, 
a new formation may ensue, resulting in the production of a 
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fibrous> capsule. Thus the cheesy focus is encysted, and may be 
rendered innocuous by fatty metamorphosis and subsequent cal- 
cification. 

Saturation of the cheesy focus with a sero-albuminous exu- 
date from the surrounding infiamed tissue will lead to the 
formation of a tuberculous cavity, the size of which will at first 
correspond with that of the original cheesy focus, while after- 
ward the cavity becomes enlarged by similar inflammatory 
changes in the surrounding capsule itself, which result in the 
formation of cheesy foci, presenting all the appearances minutely 
described in the chapter on tuberculosis. 

A complete cure of the tubercle is effected by a profuse new 
formation of connective tissue in its neighborhood, with the 
result of a dense, fibrous, cicatricial callosity. This termination 
of the original catarrhal pneumonia is known by the term cirrhosis 
of the lung. Large portions of lung-tissue, usually of the apices, 
are thus transformed into solid fibrous connective tissue, more 
or less pigmented, according to the amount of pigment present 
in the lung-tissue before the start of inflammation. In the cal- 
losity are inclosed compressed alveoli of the lung and cheesy 
foci in a more recent process, and calcareous nodules in an older. 
The latter represents, as a matter of course, a cure. The cal- 
losity is always marked by scanty vascularization. If, on the 
contrary, a new inflammation ensues in the callosity — subacute 
tuberculosis — with a complete loss of the blood-vessels in a cer- 
tain portion, this will become a tubercle, and the process will, 
though slowly, advance to destruction of the Inng- tissue. This 
is the reason why, in cirrhotic portions of the lungs, all stages 
of tuberculosis may be found, both those tending tow'ard a 
cure and those tending toward ulcerative destruction. (See 
Fig. 324.) 

Acute miliary tuherculosis is an inflammatory process, just as 
is chronic tuberculosis. No positive proofs have yet been fur- 
nished that miliary tubercles originate from embolism of vascu- 
lar districts of the lung-tissue, although such an embolic process 
is highly probable. In the earliest stages of the formation of a 
miliary tubercle we observe all the characteristic features of 
catarrhal pneumonia. The smallest so-caUed sub-miliary tubercles 
are inflammatory foci, involving only a few alveoli ; while larger 
tubercles originate from a coalescence of a number of solidified 
alveoli. In the early stages of the inflammatory infiltration the 
elastic fibers of the alveoli mark the boundaries of the alveoli. 
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while later even the elastic fibers are destroyed by liquefaction of 
their basis-snbstance. The most characteristic feature of this 
condition is the absence of blood-vessels within the tubercle. In 
injected specimens we observe a small number of capillaries 
entering the most peripheral zone of the tubercle, while around 
it the blood-vessels remain intact, and simply overlap the nodule. 
In its neighborhood emphysematous alveoli are often found. 
(See Fig. 325.) 

With higher amplifications of the microscope we notice in the 
tubercle a mass of infiammatory corpuscles with an extremely 
delicate myxomatous reticulum. The corpuscles are charaeter- 



Fig. 324 . — Cirrhosis of the Lung, Caused, by Subacute 
Tuberculosis. Blood-vessels Injected. 

A, com pressed alveolus; /, acute iiiflaiimiatory iiitiltratiou of the interstitial tissue; F, 
newly formed, fibrous (cicatricial) connective tissue ; C, scanty blood-vessels. Magnitied 
■)00 diameters. 

ized by a fine granulation — i. c., they are supplied with a little 
living matter only. In the central 'portions of the tubercle mul- 
tinuclear bodies are often found, the origin of which is not fully 
understood. 

fcj Plastic interstitial pnemnonia consists in the new formation 
of interstitial connective tissue, which leads to an enlargement of 
the alveolar walls, with a decrease of the number of the blood- 
vessels. This process is very common in insufficiencies of the 
valvular apparatus of the heart and stenosis of the arterial ostia, 
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which is followed by stagnation in the vessels of the lungs. 
Hypertrophy or hyperplasia of the lungs is often connected with 
emphysema. The new formation of connective tissue is well 
marked around the larger blood-vessels, both arteries and veins, 
more especially around the former. A rust-brown pigmentation 
is, as a rule, found in the augmented connective tissue, evidently 
due to a former extravasation of blood. (See Fig. 326.) 



Fig. 325. — Acute Miliary Tuberculosis op the Lung. 

F, uiiliaiy tiibei'cle ; CA, compressed alveolus ; DE, detached epitlielia of the alveolus ; E, 
emphysematous alveoli ; C, capillaries overlapi)ing the tubercle; FV, pulnioiiaiy vein. Mag- 
nified 100 diameters. 


fdj Suppurative pneumonia invades either the whole or large 
portions of the lung-tissue in a manner similar to that of croup- 
ous pneumonia ; or it appears in scattered foci, caused by embol- 
ism, in pyaemia. The distinguishing feature under the microscope 
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is the uniform infiltration of the interstitial connective tissue 
with inflammatory corpuscles, together with the plugging- of 
the calibers of the alveoli, as in croupous pneumonia. The 
blood-vessels are completely destroyed, and in more advanced 
stages the walls of the alveoli disappear entirely. The breaking 
apart of the inflammatory corpuscles leads to the formation of 
pus. In purulent pneumonia the whole invaded portion assumes 
a grayish-yellow color, while in circumscribed suppuration the 
forming abscess is surrounded by intensely hypergemic lung- 
tissne. 



Fig. 326.— Hypertrophy and Emphysema of the Lung. 

F, broadened frame of alveolus ; E, emphysematous alveolus ; 2), detached alveolar epi- 
thelium ; T, colloid corpuscle, probably sprung from alveolar epithelia ; P, pulmonary artery, 
with a considerably thickened adventitial coat. Magnified 500 diameters. 


Syphilitic Hepatitis and Syphilitic Pneumonia. 

By J. H. Eipley, M. D.* 

Mrs. B., the mother of eight children — only one living, a boy of six, who 
has syphilitic incisor teeth — has had three successive miscarriages at the 
eighth month of utero-gestation. The first two of these infants were still- 
born ; the third, the subject of my examination, lived about fifteen minutes, 
and even cried aloud. 

T\\% post-mortem examination included only the thoracic and abdominal 
organs, and was made in great haste. The lungs were large, of a dark grayish 


* Printed from the author’s manuscrii)t. 
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color, firm, and only slightly crepitant on pressure, the upper lobes being the 
most firm. Numerous small, siibpleural ecchymoses were observed scattered 
over the surface of both. An attempt to inflate the lungs with a blow-pipe 
only partially succeeded. There was no evidence of pletu’isy. The heart was 
normal. The abdomen was large and rounded, dull on percussion over 
nearly its entire surface, and a large, solid body filling most of its cavity could 
be felt through the abdominal walls. On section this body was found to be a 
ponderous liver. A small area of the lower anterior surface of the right lobe 
liad become attached to the abdominal walls by recent inflammation. About 
six ounces of a dark straw-colored fluid containing a few whitish flocculi were 
found in the abdominal cavity. The spleen was of normal size and firm. The 
kidneys presented nothing abnormal in gross appearance. N o other organs were 
examined. The liver and lungs were placed in a solution of chromic acid. 

Liver . — After the liver was sufficiently hardened for microscopical section, 
a more careful examination of its gross appearance was had. It was then 
observed that its great volume was largely due to the increased thickness 
of the right lobe. A cup-shaped depression, three-quarters of an inch in 
diameter, was observed on the dorsal surface of the right lobe. The 
cystic duct was so dilated, that it formed, with the gall-bladder, a continuous 
pouch to its junction with the hepatic duet. The caliber of the hepatic and 
common duets was also much enlarged. The liver in transverse sections 
exhibited numerous cysts, occupying more especially the central portions of 
the organ, while the periphery, to the depth of from one-quarter to one-half 
an inch, was comparatively normal. These cysts varied in size from a 
pin’s head to that of a filbert, and so closely approximated one another in 
certain portions as to give to those parts a close resemblance to a coarse 
sponge. The cup-shaped depression above referred to proved to be part of 
a large collapsed cyst near the surface. 

Under the microscope, with a power of two hundred diameters, the liver- 
tissue showed marked features of syphilitic hepatitis. Crowds of inflamma- 
tory corpuscles were found filling not only the inter-lobular connective tissue, 
but also, in many places, the interior of the lobules themselves, thus render- 
ing the boundary line between them indistinct. With a power of six hundred 
diameters, the liver epithelium in many places seemed to be transformed into 
globular or slightly angular medullary corpuscles. Such bodies filled, also, a 
number of inter-epithelial capillaries, being marked in these situations by an 
arrangement in rows, and also by the absence of the brownish liver tint. In 
some epithelia containing an unusually large nucleus there were observable 
several concentric, circular rows of small granules. Only a few capillaries 
held red blood-globules. All of the inflammatory corpuscles, more particu- 
larly the concentrically granulated bodies, exhibited a peculiar luster and a 
homogeneous appearance characteristic of waxy degeneration. The re-agents 
— methyl aniline, picro-indigo, osmic acid, and iodine — yielded only nega- 
tive results. This may have been due, however, to the effect on the tissues 
of ^ the chromic acid solution. Cysts, too small to be seen with the unaided 
eye, were observable, and some of the larger ones contained bacteria. (See 
Fig. 327.) 

Lungs. Specimens selected from the more diseased parts showed a very 
marked augmentation of the interalveolar connective tissue. Some of the air- 
cells were considerably distended by the previous inflation ; others corre- 
sponded to the appearance of the normal fmtal lung, and were onlyrecogniza- 
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ble by the presence of the alveolar epithelium. Those vesicles most affected 
by the morbid process were crowded with embryonal corpuscles and detached 
epithelium. In the more healthy air-cells, which had been moderately 
inflated, some of the epithelia had become completely detached, and some 
remained adherent to the alveolar wall. The epithelia, in many instances, 
exhibited a coarsely granular appearance, and often contained two or more 
nuclei, while others, again, had a neajdy homogeneous, waxy-like appearance 
and contained several concentric, circular striations and a faintly marked 
nucleus. Some alveoli held, besides detached epithelia, a finely granulated, 
albuminous exudate, in which were imbedded a varying number of inflamma- 
tory corpuscles. Here and there was seen an alveolus, showing a delicate 
reticulum of coagulated fibrine. The interstitial tissue, however, presented 
the most marked and characteristic lesions ; it was greatly increased in quan- 
tity, crowding upoji and compressing the alveoli, and so filled with embryonic 



Fig. 327. — Syphilitic Hepatitis. 


C, interstitial connective tissue, crowded witli inflammatory corpuscles ; E, liver epithelia, 
and P, capillaiy blood-vessels containing inflammatory corpuscles: A, concentrically strati- 
fled globule ; B, remnant of a bile-duct. Magnified GOO diameters. 

corpuscles as in many places to hide the underlying blood-vessels. (See 
Fig. 328.) 

The result of the examination in this case corresponds in the main, so far 
as it goes, to the more extensive descriptions of these organs in syphilitic 
infants, given by A. Grubler.* The microscopical appearances were essentially 
the same as those given by Cornil and Ranvier t tmder the head of “ Syphili- 
tic Pneumonia and Syphilitic Hepatitis.” 

* Gazette M4dicale de Paris, 1852. t “ Pathological Histology.” American edition, 1880, 
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The examination of the sputa with the microscope throws light upon a 
number of morbid processes in the respiratory tract. I have previously pub- 
lished some of the results of my researches concerning the examination of 
sputa.* 

The corpuscular elements found in the discharges of the respiratory passages 
are the following : Flat epithelia of the oral cavity ; columnar epifhelia from the 
larynx, the trachea, the hronchi, and hronchioli; these are rarely seen ciliated, 
since the cilia break off easily. Flat epithelia of the alveoli of the lungs, which 
slightly surpass in diameter those of the kidneys, and, as a rule, are found 
swelled and globular. In smokers, or persons exposed to smoke, they contain 
a varying amount of pigment (charcoal) granules. In addition, salivary, 
mucus- 3jnd pus-corpuscles are found, besides a granular detritus, entangled with 
mucous threads evidently arising from the bursting or disintegration of the 
above-named corpuscles. Leptothrix, micrococci, and bacteria are also common 
occurrences in the sputa of even simple catarrhal inflammation. Lastly, the 
remnants of animal and vegetable food are found. 



Fig. 328. — Syphilitic Pneumonia. 


7, interstitial tissue, crowded witli inflammatory corpuscles ; F, alveolus containing <le- 
taclied epithelia and coagulated librine; M, alveolus filled with a granular mass holding 
nuclei. Magnified 600 diameters. 

‘‘ The most common question of physicians is: What is the difference 
between mucus and pus-corpuscles ? The mucus, as well as the salivary 
corpuscles, are plastids, formerly inclosed in a shell of cement-substance, and 
thus forming what we call epithelia. The transformation of the contents of 
epithelia into saliva, mucus, and pepsin, has been carefully studied by K. 
Heidenhain. The transformation into mucus can be demonstrated directly 
on the epithelia of mucous glands of the frog’s skin, and on the columnar 
epithelia of the small intestine of any freshly killed animal, from which we 
remove parts of the mucous lining with curved scissors. On the epithelia of 
such slices we succeed in watching the process of the formation of mueus- 

* “ The Aid wliich Medical Diagnosis Receives from Kecont Discoverie.s in Mioroscopj'.” 
—Archives of Medicine, Feb., 1879. 
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globules from the bioplasson of the epithelia, after we have added a drop of a 
very dilute solution of chromic acid or bichromate of potash, pure water being 
too violent in its action. We see the contents nearest to the top of the 
epithelia swell and become transformed into a pale, homogeneous mass. 
Here the shell of the cement-substance bulges out, and is thinned, until it 
becomes broken at the point of the greatest convexity and allows the 
escape of the mucus-globule. Not infrequently the whole mass of the con- 
tents is evacuated from the interior of the distended shell of cement- 
substance, which, being partially or totally emptied, gives the aspect of 
what has been termed a “cup- or goblet-cell.” This lump of bioplasson is 
now a mucus-corpuscle, and still endowed with properties of life. Where an 
inflammatory process is established, the living matter of the epithelia is soon 
increased ; in other words, their contents become coarsely granular, and, if 
freed in this condition, form what we call a pus-corpuscle. The main differ- 
ence between a mucus- and a pus-corpuscle, therefore, is that the former 
looks finely, the latter coarsely granular, though both are essentially the 
same. Pus-corpuscles, on the average, are also more coarsely granular than 
colorless blood-corpuscles. The absolute identity of these bodies cannot be 
maintained, and the assei’tion of J. Cohnheim, that all pus-corpuscles — nay, all 
inflammatory elements, are merely emigrated colorless blood-corpuscles, is a 
great mistake. The formation of pus-corpuscles from epithelia and connec- 
tive tissue can be directly observed, and no one has the authority to call pus- 
corpuscles altogether emigrated colorless blood-corpuscles, though all of iis 
agree that these share in the formation of pus.” 

“We cannot tell, by watching pus-corpuscles in the sputa, from whence 
they come ; perhaps black pigment-granules in the pus-corpuscles indicate 
that they have arisen from a pigmented lung. Only the presence of elastic 
fibers in the sputa is a sure sign of destruction of the limg, inasmuch as such 
fibers are present in a large amount in the walls of the alveoli. Of what 
nature the destruction is can be ascertained only if the elastic fibers be 
accompanied, besides pus-corpuscles, also by shriveled-up and broken lumps, 
which indicate cheesy transformation of the inflammatory product, so com- 
mon in tuberculosis.” 

Later observations have demonstrated that, in ulceration of the larynx, 
the trachea, or the bronchi, elastic fibers and connective-tissue shreds may ap- 
pear in the sputa, the same as in ulcerative destruction of the lung-tissue. 
The determination of the nature of the ulcer depends entirely upon the con- 
stitution of the patient, as diagnosed from the appearance of the pus-cor- 
puscles. (See page 52, Fig. 20.) If the pus-corpuscles exhibit the features 
of the series P, indicative of a poor constitution, the diagnosis “ tiiberculoHn 
ulceration ” is justified, regardless of the seat of the destructive process. Ob- 
viously, great care must be taken to have the oral cavity of the patient thor- 
oughly cleansed before the sputa can be used for microscopic examination, 
since the shreds of connective tissue found may be the dehrin of animal food 
carried along by the sputa. 

In one ease echinococcus of the lunc/s could be diagnosed from the character- 
istic appearance of the echinococcus sac, emptied with the sputa. 

“ Exceptionally also the new formation of myeloma in the lumjs can he diagnosed 
hy the examination of the sputa alone, as illustrated by the following ease, 
which occurred three years ago. A justice of this city, about sixty years of 
age, had a tumor in his right groin, which, after repeated extirpations, always 
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recurred, and recently began to grow rapidly. The consulting surgeons made 
the diagnosis “ cancer,” and foretold an approaching ulceration for which the 
relatives had to be prepared. The attending physician, Dr. Schciney, soon 
afterward brought some sputa of the patient to my laboratory, being struck 
by their large quantity. On microscopic examination, besides pus-corpuscles, 
numerous globular elements were also seen, characteristic of the so-called 
round-cell sarcoma or globo-myeloma. The diagnosis was : secondary forma- 
tion of myeloma in the lungs, due to a primary myeloma in the groin, which 
latter would not ulcerate. The post-mortem examination a few weeks after- 
ward fully corroborated my diagnosis, though I never had seen the patient. 
The lungs were crowded with white nodules of myeloma, and the tumor in the 
groin proved to be an alveolar myeloma which had never come to ideeration.” 


/ 


XIX. 


THE UKINARY TRACT. 


T he essential parts of the nriuary tract are those portions of 
the kidneys which secrete the nrine, while all other mem- 
hranons tubnles and sacs connected with them — i. e.,the pelves, 
the ureters, the bladder, and the urethra — are merely a collecting- 
and conducting apparatus. The investigations of R. Heidenhain 
have corroborated the views of Bowman that, from the capillary 
blood-vessels of the tuft, which carry arterial blood, only a 
watery liquid, destitute of salts, is exuding into the capsular 
space, while the saline constituents of the urine are the excretory 
product of those uriuiferous tubules which are richly supplied 
with capillary blood-vessels, and whose epithelia are closely con- 
nected with the walls of the vessels. The inspissated blood con- 
tained in these vessels reabsorbs a portion of the liquid from 
the tubule and supplies the liquid in the tubules with a certain 
amount of its salts. Obviously, the whole process is accom- 
plished through thp agency of the living epithelia, and is not to 
be considered as a simple process of osmosis. The differences in 
the structure of the epithelia in certain portions of the nrinifer- 
ous tubnles, and the striking differences in the distribution of 
the blood-vessels, strongly point toward a difference in the func- 
tion of portions of the tubnles ; but no exact demonstration of 
these functions, concerning the constituent elements of urine, 
has as yet been furnished. The Grreek denomination, “ dialysis,” 
serves to conceal our lack of knowledge of the process concerned 
in urinary excretion in about the same manner that the word 
“ catalysis ” disguises our ignorance of the process of digestion 
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in the stomach. Many an eminent observer has contribnted to 
onr stock of knowledge regarding the minute anatomy of the 
kidneys, while the physiology of the excretion of urine is still 
unexplained. 

(1) The Kidneys. The kidney consists of a cortical and a 
pyramidal portion, and in man is made np of from six to twelve 
united parts, each of which has a cortical and a pyramidal 
substance. The boundary between the two main divisions is 
irregular, and in parts illy defined ; each subdivision terminates 
at the concave border in the center of the organ in the so-called 
papilla, which is surrounded by a membranous sac — the calyx. 
The loose connective tissue between the pyramids carries the 
larger blood- and lymph- vessels and the principal nerves. The 
surface of the kidney of the adult is smooth, being ensheathed 
by a dense, fibrous connective-tissue capsule ; while the fcetal 
kidney exhibits a distinctly lobate surface, indicative of its gen- 
eral construction of lobes or segments. The main constituents 
of the kidney are the blood-vessels and the uriniferous tubules, 
which are held together by a delicate, fibrous connective tissue, 
rich in elastic substance, giving the whole structure a high 
degree of consistency. From the arrangement of the tubules the 
kidney is classified among the compound tubular glands. 

The renal artery enters the organ in two main branches 
(Hyrtl), each of which, by a number of bifurcations dividing 
into smaller ramules, supplies an independent half. These ves- 
sels, upon reaching the boundary zone between the cortical and 
pyramidal substance, deviate in an oblique direction, and produce 
the so-called arterial bows or arches, the convexities of which, if 
marked at all, look toward the cortical substance. Each artery 
in this situation is accompanied by a vein, the veins being con- 
nected by lateral branches, and producing a sort of a venous 
plexus. 

From the arches arise at short intervals straight arterial 
branches, which penetrate the cortical substance in a straight 
direction and divide at very acute angles ; these arteries produce 
transverse ramules, the afferent vessels which go to form the tuft. 
A successful injection of the blood-vessels of the human kidney is 
quite exceptional, while the dog’s kidney, which can be had in a 
perfectly fresh condition, allows a plain demonstration of the 
vascular supply. As the relations in the latter are very similar 
to those of human kidneys, they may with preference be used for 
demonstration. (See Fig. 329.) 
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The afferent vessel is either a terminal branch of the renal 
artery or a lateral offshoot of such a branch, which is given off 
without any regularity. Not infrequently the afferent vessel 
assumes a backward course, 
especially near the region 
lying between cortex and 
pyramid, in human as well 
as in dogs' kidneys. The 
ultimate terminations of 
the arteries and their tufts 
never reach the outermost 
portion of the cortical sub- 
stance, which is supplied 
with capillaries only. 

The afferent artery in- 
variably exhibits a distinct 
middle or muscle coat, and 
splits abruptly into a num- 
ber of capillaries, which 
contain arterial blood, and, 
by being convoluted and 
turned upon themselves, 
produce the tuft. According 
to C. Ludwig the formation 
of the tuft is easily under- 
stood by assuming that the 
arterial bed of the afferent 
vessel is abruptly widened 
and at the same time split 
into a number of very 
narrow (capillaiy) canals, 
which again unite into the 
efferent vessel : bring the 
surface of the opposite 
parts together, so that the 
afferent and efferent ves- 
sels are in proximity, and 
the tuft is complete. The 
formation can be readily 
demonstrated with a hand- 
kerchief, the two compressed ends of which are held in the two 
hands, one representing the afferent, the other the efferent vessel, 



Fig. 329. — Cortical Substance of the 
Kidney of a Dog. Blood-vessels 
Injected. 

Ca, capsnle; O, outer zone, devoid of tufts; T, 
tuft; A, afferent vessel; E, efferent vessel; Er 
branch of renal artery; Co, zone of convoluted 
tubules ; S, zone of straight tubules (medullary 
ray). Magnified 100 diameters. 
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and tlie whole being turned upon itself, the two hands joining, 
while the middle, broad portion, spread and folded, represents 
the tuft. (See Fig. 330.) 

The tufts., or glomeruli, or Malpighian corpuscles, are globular 
formations of 0.02 to 0.03 mm. diameter, composed of a number 
of convolutions of capillary blood-vessels, which both in the 
human and in the dog’s kidney are arranged in two main lobes ; 

hence, the glomerulus is a bilobate for- 
mation of capillaries. One lobule is 
always larger than the other, and the 
summit of the larger lobule is directed 
toward the opening of the uriniferous 
tubule. Each tuft is enveloped in a 
delicate connective-tissue capsule (Bow- 
man, H. Miiller) in a manner similar to 
that in which the pericardium surrounds 
the heart. Both layers, the free or par- 
ietal, as well as the reduplicated glo- 
^ merular, are composed of connective tis- 
sue rich ill elastic substance, the glome- 
rular portion being more delicate than 
the parietal ; both are covered with a flat 
epithelial layer. The glomerular portion 
sends prolongations between the capil- 
laries of the tuft, and a marked prolong- 
ation, together with the covering epithe- 
lium, into the groove between the two 
lobules of the tuft (Axel Key). The epithe- 
lium covering the glomerular portion of 
the capsule is ciiboidal in the foetus and 
in children, and becomes flattened in the 
adult; while the epithelium of the par- 
ietal portion of the capsule is always flat and blends with the 
cuboidal epithelium of the uriniferous tubule, the beginning of 
which it represents. At the point where the afferent vessel enters 
and the efferent leaves the tuft, the capsule turns over to the 
tuft, and the connective tissue at this point is more freely sup- 
plied with plastids having the appearance of nuclei than else- 
where. (See Fig. 331.) 

The efferent vessel invariably leaves the tuft near the entrance 
of the afferent vessel; it contains arterial blood, though the mus- 
cle-coat is very imperfect, or absent. Its diameter is decidedly 





Fig. 3.30.— Diagram op 
THE Tuft (C. Ludwig). 

A V, affeT'Clit vcs.sel ; T, capil- 
laries composing the tnt't; AT, 
efferent vessel ; O, capillaries 
tor the supply ot the cortical 
snhstance. 
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smaller than that of the afferent vessel. Soon after having left 
the tnft, it divides freely into capillaries for the supply of the 
cortical as well as the pyramidal substance. So extensive is this 
division that the kidney-tissue proper has no other capillaries 
than those derived from the efferent vessels, the pyramidal sub- 
stance being, besides, supplied with capillaries from a few inde- 
pendent arterioles. The cap- 
illary meshes are circular in 
the region of the convoluted 
tubules, and elongated squares 
in that of the straight tnbnles. 

(See Fig. 329.) 

The arterial arches send a 
few small arterial branches 
downward into the pyramidal 
substance. The main supply 
of this portion, however, is 
capillary, and of two kinds : 

First, the few elongated, 
square meshes around the 
straight collecting tubules ; 
and second, the bundles of 
very wide capillaries, accom- 
panying the narrow tubules. 

The latter are the so-called 
vasa recta of the pyramidal 
substance. Some authors 
claim that they are arteries 
produced directly from the 
arterial arches, which, how- 
ever, is not correct. Others 
maintain that the vasa recta 
arise immediately from the 
efferent vessels of the tufts 
(C. Ludwig) ; again, others 


Fig. 331 .— Tuft from the Kidxey of 
A Dog. Injected. 

T, capillary loops of the tuft, in connection 
with the afferent artery, covered h 3 ' E, ffat epi- 
thelia; Ga, capsnle, covered witli flat epithelia, 
in coinninnication witli Co, the convoluted tn- 
hule ; CL, convoluted tnhnle in longitudinal sec- 
tion ; CT, convoluted tnhnle in transverse sec- 
tion. Magnified 350 diameters. 


nearest the pyramidal substance 
consider the vasa recta as veins 
which originate from the capillaries of the cortical substance, 
in a manner similar to the portal system of the liver (Huschke, 
Hyrtl, Henle). We overcome all difficulties concerning the origin 
of the vasa recta by considering them as considerably widened 
capillary blood-vessels, which are prolongations of the narrow 
capillaries of the cortical substance — a fact which is easily dem- 
onstrated in the injected kidney of the dog. (See Fig. 332.) 

47 
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The ascending branches of the arterial arches which give rise 
to the afferent vessels are, by most anthors, termed inter-lobnlar 
arteries. This name should be abandoned, for the reason that 
they occupy the center of a cortical lobnle (Ludwig’s labyrinth). 
The capillaries of the cortical substance are usually considered 
to be of two kinds — those rising directly from the etferent ves- 
sels, for the supply of the 
medullary rays, and those of 
the labyrinth, which are pro- 
longations of the former. 
This conception is, however, 
misleading, inasmuch as the 
etferent vessels produce the 
capillaries of the labyrinth 
and the medullary rays, both 
directly and indirectly, and 
there is no necessity for 
speaking of arterial and 
venous capillaries. Fig. 329 
shows the distribution of 
the capillaries from the ef- 
ferent vessels, some running 
first to the labyrinth, others 
first to the medullary rays. 

The veins arise from the 
capillaries of the cortical 
substance, especially those 
of the labyrinth, and their 
confluence is often marked 
on the surface of the kid- 
ney in the form of stars 
(stellnlse Verheyenii). As 
the medullary rays are lost 
near the surface of the kid- 
ney, and the outermost por- 
tion of the cortex has no 
tufts, obviously the veins 
arise from the capillary sys- 
tem surrounding the con- 
voluted tubules. The veins accompany the arteries, and empty 
into the venous plexus at the boundary zone between the cortex 
and the pyramis. The latter furnishes veins derived both from 


Fig. 332. — Boundary Zone between 
THE Cortical and Pyramidal Sub- 
stance OF the Kidney of a Dog. 
Blood-vessels Injected. 

A, brancli of renal arteiY; Co, prolongation of 
tlie cortical substance ; T, tuft ; 8, bumlle of 
straight tubules ; O, origin of the vasa recta from 
tlie capillaries of the cortical substance ; B, bun- 
dle of vasa recta. Magnified 100 diameters. 
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the capillaries of the collecting tubules and from the vasa recta, 
the ascending loops of which empty directly into the inter-zonal 
venous plexus. 

According to C. Ludwig, the capillaries of the capsule and of 
the surrounding fat-tissue of the kidney, which arise partly from 
small branches of the renal artery before it reaches the bounding 
zone, are united directly to the capillaries of the kidney-tissue. 

The uriniferoiis tulniles originate from the capsules of the 
tufts, opposite the site of the blood-vessels, as first discovered by 
Bowman, and terminate, after uniting and being considerably 
reduced in numbers, at the papilla of the pyramid. They are 
chiefly of two kinds : convoluted and straight. The former con- 
sist of convoluted tubes of the first and second order ; the latter 
are the straight, narrow and straight, collecting tubules. The 
convoluted tubules of the first order occupy the portion around 
the ascending branches of the renal artery, and their sum total 
is termed the “ labyrinth ’’ by C. Ludwig ; the convoluted tubules 
of the second order fill the most external portion of the cortex, 
in which there are no tufts. The straight tuhules, both narrow 
and collecting, produce the medullary rays between the laby- 
rinths in the cortex ; while in the pyramids they run in separate 
bundles according to the following arrangement : First, the nar- 
row tubules, together with the vasa recta, in the imaginary pro- 
longations of the labyrinth, and then the collecting tubules as 
direct prolongations of the medullary rays of the cortex. Fig. 
333 represents the generally adopted schema of the course of the 
uriniferous tubules, first issued by Ludwig and Schweigger- 
Seidel. The results were obtained both by isolation of the urin- 
iferous tubides, by means of maceration in dilute acids, and by 
the study of kidneys in which the blood-vessels and uriniferous 
tubules had been injected with colored gelatine. In this depart- 
ment C. Ludwig was most successful. (See Fig. 333.) 

The details are as follows : The convoluted tubule (of the first 
order) originates from the capsule of the tuft as a slightly nar- 
rowed, funnel-shaped neck, and, after repeated convolutions 
within the labyrinth, tends toward the medullary ray. Here it 
becomes (to varying depths) narrow, often exhibiting spiral 
windings (Schachowa) before decreasing in caliber, and repre- 
sents the descending branch of the loop, or Henle’s tubule. This 
enters the pyramidal substance, producing a distinct, angular 
divergence at the dividing zone between cortex and pyramid, in 
order to reach the bundles of the vasa recta. After reaching 
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Fig. 333 . — Diagram op the Kidney. 


A, renal arteiy ; V, renal vein; T, tuft; CT, capsule of tuft; AV, afferent vessel; JiV, 
efferent vessel ; CO, capillaries of convoluted tuluiles; CS, capillaries of straiglit tubules; IS, 
arterial brancli to tlie cortical substance; AP, arteilal branch to the pyramidal substance ; 
VM, vasa recta; CP, capillaries of the straight collecting tubules; L, capillaries of the 
papilla; Cl, convoluted tubule of the first older; iY, narrow or loop-tubule ; CAT, convoluted 
tubule of the second order; S, straight collecting tubule in the medullary ray of the corti- 
cal substance ; C, straight collecting tubule in the pyramidal substance ; P, the same at the 
papilla. 
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■certain depths in the pyramidal substance, the narrow tnbnle 
produces a Zaop (the loop of Henle), and takes an upward course 
as the ascending hrancJi of the narrow tubule, this being on the 
whole slightly wider than the descending portion. Again, the 
ascending branch widens, with short, irregular curves and angles 
(the irregular portion), and at the most peripheral part of the 
cortex, in which there exist no tufts, it resumes the width and 
aspect of the convoluted tnbnle, being in this situation termed 
the convoluted tubule of the second order, or the intercalated 
tnbnle, which inosculates with the straight collecting tnbnle. 
By the union of several intercalated and collecting tubules arches 
are formed. Henle insists upon the arched arrangement of the 
collecting tubules themselves, to which the intercalated tubules 
are joined. The collecting tubule occupies the center of the medul- 
lary ray in the cortex. The groups of collecting tubes in the 
pyramis are situated between groups of the narrow tubules, 
decreasing in number, by continuous union at acute angles of 
analogous formations, until, lastly, a limited number of wide col- 
lecting tubules (eight to fifteen) open at the point of the pyramis 
— the papilla — which protrudes into the calyx. Their mouths are 
visible to the naked eye, and are called the foramina papillaria — 
the blessed sieve’’ (cribrnm benedictum) of old anatomists. 

The iiriniferous tubule may in its course, though not constantly, exhibit 
slight variations in its caliber and structure, and thus a number of subdivi- 
sions of their portions may be admissible. E. Klein, for instance, gives the fol- 
lowing complex diagram of the course of a uriniferous tubule : (1) capsule of 
the Malpighian corpuscle ; (2) naiTO wed neck ; (3) the proximal convoluted 
tubule ; (4) the spiral tubule of Schachowa, which is already part of the 
medullary ray; (5) the descending branch of Henle’s loop; (6) the loop 
itself, which, turning upward and reaching the boundary layer, becomes 
suddenly enlarged and slightly wavy, thus forming ( 7 ) the first thick portion 
of the ascending limb of Henle’s loop, and ( 8 ) the spiral part of the ascend- 
ing limb; (9) then it becomes narrow again, and more or less straight or 
slightly curving; (10) produces the irregular tubule, with angular convolu- 
tions; (11) the intercalated segment; (12) the curved part of the collecting 
tube ; (13) the straight part of the collecting tube of the cortex in the medul- 
lary ray ; (14) the collecting tube enters the boundary layer, and lastly, the 
papillary portion ; by conflnence becomes (15) the large collecting tube, or 
tube of Bellini, until (16) it opens as one of the duets on the free surface of 
the papilla. 

Each portion of the uriniferous tubule has its peculiar epithe- 
lial lining. This, in general, can be defined as being cuboidal in 
the convoluted tubules, fiat in the narrow tubules, and columnar 
in the collecting tubules. 
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The convoluted tuhules of the first order, having an average 
diameter of 0.0045 mm., are lined by polyhedral epithelia, the 
cement-substance between them often being illy defined, or, espe- 
cially in kidneys of children, absent. In these epithelia B. Heiden- 
hain discovered a rod-like structure similar to that observed in the 
epithelia of the ducts of salivary glands. The ascending and de- 
scending portions of the narrow tuhules have a diameter of 0.0020 
to 0.0025 mm., and are lined by cuboidal epithelia, which also 
exhibit the rod-like structure ; this peculiarity is particularly well 
marked in the irregular portions of the tubules. The descending 
portion gradually becomes narrow, and its epithelium passes by 
degrees into the flat variety, while the ascending portion often ap- 
pears abruptly widened close above the loop, or in the depth of the 
loop itself. Along the course of the ascending tubule within the 
cortical substance the epithelium again may become flat, corre- 
sponding to a narrowing of the caliber. The narrow portions 
have a diameter of 0.0014 ; their caliber is comparatively wide, 
and the flat epithelia are finely granular and supplied with a dis- 
tinct nucleus. In edge-view these epithelia appear spindle- 
shaped, closely resembling the endothelia of capillaries. The 
convoluted tubules of the second order have only a few convolu- 
tions ; their caliber is somewhat wider than that of the convo- 
luted tubules of the first order ; their epithelia, however, being- 
identical with those of the latter. In the irregularly winding 
portions the epithelia show slight differences in their depths. 
The collecting tubules have the widest caliber, their diameter 
being, at the apex of the medullary ray, the same as that of the 
convoluted tubules, while in their course toward the papilla they 
gradually assume a diameter of 0.020 to 0.030 mm. Their epi- 
thelia are at first cuboidal, but with increasing caliber the epi- 
thelia become distinctly columnar, being finely granular and 
obliquely arranged in the lower portions, after the manner of 
shingles on a roof. According to C. Ludwig, the membrana 
propria near the papillse is fused with the surrounding connect- 
ive tissue. 

All tubular formations of the kidney are ensheathed by deli- 
cate connective tissue, which carries the blood-vessels and nerves. 
The peculiarities above described may be shown by antero-poste- 
rior (sagittal) sections of the kidney, which sever the tubules in a 
transverse direction. (See Fig. 334.) 

Sagittal sections of the cortical substance will exhibit, within 
the medullary ray, transverse sections of the narrow tubules, 
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chiefly the ascending branches, and of the collecting tnbules, all 
of which are fewer in number and of a less marked character the 
nearer the surface of the kidney, the main bulk of which is occii- 
pied by convoluted tubules. Sagittal sections of the pyramidal 
substance are characterized by bundles of the vasa recta arranged 
together with transverse sec- 
tions of the narrow tubules, 
both the ascending, descending, 
and looped portion, around 
which are grouped the trans- 
verse sections of the collecting 
tubules. The narrow tubules 
become fewer, and the collect- 
ing tubules wider the nearer 
they approach the papilla. 

(See Fig. 335.) 

Of the lijmphatics of the kid- 
ney very little is known. Some 
authors claim that they are 
clefts in the interstitial con- 
nective tissue, while others de- 
scribe rhomboidal meshes of 
lymphatics, bounded by an en- 
dothelial coat, around the urin- 
iferous tubules. In the capsule 
of the kidney there is a regular 
lymphatic system, and in the hilus several large lymph-vessels 
are found which are supplied with valves. 

The nerves of the kidney have been, for a number of months, 
studied in my laboratory by Dr. M. Holbrook, who has not yet 
completed his researches. He found a large number of nerves 
accompanying the arteries and producing a reticulum around 
the capillaries, in accordance with the statements of L. Beale. 
Every tubule is accompanied by a reticulum of non-medullated 
nerve-fibers, from which prolongations pass through the base- 
ment-membrane, and produce a very narrow plexus close above 
this membrane. Prom the intra-tubular plexus delicate branches 
arise, running along the cement-substance of the epithelia, and 
in union with the slender, transverse filaments traversing the 
cement-substance and inter-connecting the epithelia. Such fibril- 
lee are represented in Fig. 337. By Holbrook’s specimens it is 
plainly shown that every epithelium is in connection with a 


Fig. 334 .— Cortical Substance of 
THE Kidney op a Dog. Sagittal 
Section. Blood-vessels Injected. 

C, convoluted tulnile ; N, narrow or loop- 
tuLule ; XA, ascending bi'anch of narrow tn- 
bnle ; S, .straight collecting tubule. Magnified 
500 diameters. 
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nerve-fiber, thoiigli this connectioii is indirect through the inter- 
epithelial filaments of living matter (the so-called thorns). It 
could not be demonstrated that the nerve-fibrilla0 penetrate the 
interior of the epithelia. 

Researches in the Minute Anatomy op the Epithelia op the 
Kidney. By Henry B. Millard, A. M., M. D.* 

R. Heidenhain t was the first to call attention to tlie presence of a peculiar 
rod-like or bacillated structure existing in the nriniferous tubules. He found 
this structure in convoluted tubules, in the ascending portions of the looped 



Fig. 335. — Pyramidal Substance op the Kidney op a Dog. 

Sagittal Section. Blood-vessels Injected. 

N, narrow or loop-tubule ; ND, desceuding branch of narrow tubule ; 8, straight collecting 
tubule ; V, vasa recta. Magnified 500 diameters. 

tubules, and in the intercalated tubules of the kidneys of mammals. Accord- 
ing to his view, the rodlets (Stabchen) are plainly visible in the outer portions 
of the epithelia — that is, in those portions lying next the connective tissue, 
and he sometimes saw in torn epithelia the rods isolated. The same observer^ 
also first demonstrated with accuracy that the secretion of the salts is per- 
formed only in the tubules, in accordance with the views maintained by Bow- 
man. Charcot § deduces from the experiments of Heidenhain with indigo-blue 

* Abstract of the author’s essay. The New York Medical Journal, June, 1882. 

t “Mikro.sk. Beitriige zur Anat. und Phy.siologie der Niereii.” Max Schultze’s “Arch. f. 
niikr. Anat.,” 10 Bd., 1874. 

t “ Versuche iiber den Vorgang der Harnabsonderung.” Ptluger’s “ Archiv,” 9 Bd., 1874, 
l>age 1. 

? “Charcot on Bright’s disease,” tran.slated by Millard, New- York, 1878, page 2:i. 
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the conclusion that the secretion or elimination of this coloring matter takes 
place only in those portions of the tuhuli uriniferi which are covered by the 
epithelia having the rods (epithelium a batonnets). Whether the secretion 
of the specific principles of the urine takes place in precisely the same fashion 
as the elimination of coloring matters, he regards as impossible of demonstra- 
tion experimentally. In a recent monograph, Charcot * regards the tuJmli 
contorti and the loops of Henle, particularly the ascending branches of the 
loops, as the real glandular part of the Iddney. Heidenhain, however, did 
not associate the rods wdth the process of secretion, for he observed a similar 
structure also in the smaller ducts of the parotid and submaxillary glands, 
the same formation in the latter structure being already known to Henle 
and Pfiiiger. In the acini of the glandula submaxillaris and in the other 
acinous glands he could not discern them. E. Klein t gsserts having ob- 
served that the rods or fibrils of Heidenhain, when looked at from the sur- 
face, are connected into a net-work, so that they are more probably septa 
of a honeycombed net-work seen in profile. What the intimate nature 
of these formations is, neither of the above-named authors attempts to 
explain. 

Since the reticular structure of all protoplasmic formations, including 
therefore epithelium, w^as demonstrated by C. Heitzmann, the question has 
been, what the reticulum present in the protoplasm is. A proof of the reticu- 
lum being the living matter proper rests upon the fact that, both in normal 
and in morbid processes, the new formation of corpuscular elements starts 
from the points of intersection in the reticulum. This so-called endogenous 
new formation of living matter is especially plain in the infiammatory process 
invading epithelial formations. Here, it is important to note, the reticuhim 
at first becomes coarse ; next, it coalesces into lumps, which, being at first 
homogeneous, in turn assume a reticular structure themselves, and now rep- 
resent so-called infiammatory or pus-corpuscles. These corpuscles at first 
remain in connection with the neighboring reticulum by means of delicate 
filaments, which are portion and part of the reticulum. Later, when the in- 
fiammatory corpuscles which have originated in the interior of an epithelium 
become extruded from its interior, the newly formed corpuscles represent 
pus-corpnscles. 

In conducting my researches, I have studied the kidneys of the rabbit, 
pig, dog, and man, all of them being preserved and hardened in a solution of 
chromic acid. I have, therefore, no observations to report upon the form- 
changes of the epithelia, but have studied the changes in the interior structure 
of the epithelia in the inflamed human kidney. These investigations enable 
me to maintain that the reticular structure of the epithelium of the kidney is- 
really a formation ofUviny matter. 

Upon closely examining the epithelia of the tnbuli uriniferi in the kidneys 
of the above-named animals, we readily perceive, with comparatively low 
powers of the microscope (400 or 500 is sufficient), the presence of rod-like 
formations in the epithelia of the tuhuli contorti, in the irregular tubules, in 
the ascending branch of the looped tubules, and in the intercalated tubules, 
entirely in accordance with Heidenhain’s assertions. The drawings of the 
rodlets, as given by Heidenhain and copied by Klein and other writers, give 
an exaggerated idea of the real appearance of the rods. Even under a high 

* “ Lecoiis sur les CoiKUtioiis Patliogeiilques de rAlbumlimrie,” Paris, 1881. 

t “ Atlas of Histology,” Xiomlon, 1880. 
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power they are never so large as in the drawings, and seldom present the 
straight, regular, and symmetrical appearance there represented. 

The pale, flat epithelia of the looped tiihule proper do not, as a rule, exhibit 
the rods. The columnar epithelia of the collecting tubules, on the contrary, 
which are distinctly imbricated, especially in the kidney of the dog, exhibit 
the rods more or less plainly. The columnar epithelium of the rabbit does, 
however, show them. 

High powers (1000 to 1200) of the microscope corroborated the views 
of Hlein namely, that the rods are connected into a reticulum by means of 
delicate filaments inosculating both with the wall of the nucleus around which 

the rods are located, and also with the 
delicate reticulum in the inner portion of 
the epithelia, next to the caliber, where 
the rods are usually absent. It is striking- 
how the thickness of the rods differs in 
the different epithelia of the same ani- 
mal’s kidney. Sometimes they are very 
thin, beaded poles, with quite distinctly 
marked interstices between them. In 
this case the connecting filaments, run- 
ning almost at right angles from rod to 
rod, are easily discernible. At other 
times the rods are rather bulky forma- 
tions, having but extremely narrow in- 
terstices between them. In this instance 
the connecting filaments, as a matter of 
course, are very short, and not easily 
seen. In a third instance the outermost 
portion of the epithelium is a compact 
or homogeneous mass, in which no rods 
can be observed at all. (See Fig. 330.) 

Another striking feature is the great 
variety of appearances exhibited by the 
cement -substance. Sometimes this is 
plainly marked at regular intervals be- 
tween the epithelia. Then the transverse 
connecting filaments, the formerly so- 
called thorns, are plainly visible. At 
other times hardly any trace of cement- 
substance is seen, but the reticular struct- 
ure is present in a nearly uniform distribution throughout the epithelial 
layer. Where the rods are slender, the nucleus, as a rule, is well defined ; 
where, on the contrary, they are bulky, the nucleus is, on an average, not 
very plainly marked. The sharpest definition of the nucleus is furnished by 
the fiat epithelia of the looped tubules in which the rods are absent. 

In inflamed kidneys of man I have repeatedly found the rods. Here the 
rods of the epithelia throughout the tubules are clumsy and bulky, the whole 
reticulum being enlarged, rendering the epithelium, with low powers of the 
microscope, coarsely granular. In many instances the rods are not discernible, 
as, in their place, a coarsely granular mass is present, pervading the whole 
epithelial body ; or else the innermost portion of the epithelium looks coarsely 



Fig. 330. — Convoluted Tubule 
PROM the Kidney op a Bab- 
bit. Longitudinal Section. 


JV, nucleated colinnnar epithelium, 
.showing the rod.s ; E, eudothelia ; X, in- 
terstitial connective ti.ssue, producing 
the hasement-layer. Magnified 1200 di- 
ameters. 
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gi’anular, the outermost portion, on the contrary, being homogeneous and 
shining. I have repeatedly seen, in acute interstitial nephritis, even the looped 
tubules, which in this situation were considerably increased in bulk, provided 
with a coarsely granular reticulum — nay, even with an indistinct, rod-like 
structure. All these features become still more prominent by staining the 
specimens with the chloride of gold after they have been soaked and washed 
for several days in distilled water. This reagent, in a half per cent, solution 
brought in contact with the specimens for forty minutes, renders sections 
from the normal kidney of a brown- violet hue, slightly increasing the distinct- 
ness of the reticular structure of the epithelia. In the inflamed kidneys of 
man, the epithelia of a great many of the ascending, irregular, and convo- 
luted tubules, upon being stained with the chloride of gold, as above described, 
became dark violet. With higher powers of the microscope we can ascertain 
that it is the coarse reticulum, the bulky rods, and the homogeneous masses 
sprung from coalescence, as it were, of the rods, which exhibit the deepest 
gold stain. 

As it is the tubuli iiriniferi which have the rod-like structure, which in 
Heidenhain’s experiments with indigo sulphate are the only ones which 
are colored by it, so in the inflamed kidney it is only these tubiiles that 
become colored by the gold. It seems reasonable to suppose, from the 
effect of these reagents, that the epithelia with rods, perhaps by virtue of 
their having more living matter and a more bulky reticulum, are of most 
importance in secreting or forming the extractive matter of the urine. 

In the inflamed kidneys, in which the violet coloration was produced, no 
doubt the reticulum of the epithelia, owing to the inflammatory process, was 
considerably increased in bulk. The most marked violet stain was exhibited 
by a number of the convoluted tubes and by irregular and ascending tubules. 
We know that living matter is considerably increased in amount in the inflam- 
matory process, and are justified, consequently, in maintaining that the 
reticulum and the rod-like formations within the epithelium, being part of the 
reticulum, are formations of living matter. (See Fig. 337.) 

As to the significance of the rods, it may be inferred that they are in close 
relation with the process of secretion. Obviously, the stream of liquid run- 
ning from the neighboring blood-vessels through the epithelia toward the 
liquids contained in the caliber, and vice versa, will be facilitated by an elon- 
gated arrangement of the reticulum — i. e., the rods. In a state of compara- 
tive rest the rods lie close to each other — nay, are coalesced into homogeneous 
masses. In this condition the cement-substance between the epithelia is best 
marked. In full activity of the epithelium, on the contrary, the rods will be 
very distinct, will stand farther apart, and the cement-substance between the 
epithelia will, in consequence, become indistinct. 

The Endothelia of the Urinary Tubules. While investigating the peculiarities 
in the structure of epithelia of tubuli uriniferi in their normal condition, I 
often observed the presence of fiat, spindle-shaped bodies between the basis 
of the epithelia and the adjacent so-called structureless membrane of the 
tubule. These spindle-shaped bodies doubtless correspond to those flat, 
nucleated formations which cover the inner surface of the structureless layer 
in nearly all epithelial — i. e., glandular — formations. By most observers 
they are regarded as endothelia belonging to the connective tissue subjacent 
to the epithelial layers. V. Czerny was the first one to bring them to view in 
other tissues, which he did by staining the specimens with the nitrate of 
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silver; and C. Ludwig,* also by the silver stain, first indicated their presence 
in the urinary tubules. 

Such an endothelial layer, present in all varieties of the urinary tubules, 
is best visible in the front view of the structureless membrane, where the 
epithelium is stripped off. Here the endothelia are comparatively large, irreg- 
ularly polyhedral bodies, with distinct central nuclei. The nucleus has a 

plainly marked shell, containing in 
its interior a few small nucleoli, the 
nuclei being mostly of oblong shape. 
In the body of the endotheliinn a 
delicate reticulum is seen with very 
minute nodulations. Each body is 
separated from all its neighbors by 
a delicate light rim of cement-sub- 
stance, which is traversed at right 
angles by extremely minute fila- 
ments or thorns. In side view, ob- 
viously, these bodies will exhibit a 
spindle-shape, the broadest portion 
of the spindle corresponding to the 
central nucleus. 

If the views of recent observers 
are correct — namely, that the struct- 
ureless layer, synonymous with the 
hyaline or basement-layer, is an ag- 
gregation of endothelia infiltrated 
with elastic substance — this view 
may also be applied to the struct- 
ureless membrane of the urinary 
hibules. In normal kidneys I failed 
to discover nuclei in the structure- 
less layer proper, which would indi- 
cate their construction of former 
endothelia. In inflamed kidneys, 
on the contrary, no doubt was left 
as to the fact that the structureless 
layer is composed by a number of 
closely attached, in part nucleated, 
endothelia. 

In the inflamed kidney the endothelial layer beneath the epithelial is 
always more marked than in the normal kidney. In chronic catarrhal (in- 
terstitial or desquamative) nephritis, all the tubules that have lost their 
epithelial investment invariably show an investment of endothelia. 

This, in the transverse section of the tubule, is characterized by the pres- 
ence of flat, irregularly spindle-shaped bodies, which are always more coarsely 
granular than in the physiological condition. Their nuclei are also more 
coarsely gi’anular, sometimes homogeneous. The flat shape, the large size in 
the frontal diameter, and the construction of the nuclei serve for an accurate 
contradistinction to epithelia. I have failed in obtaining specimens indicative 

* “Hanrt-l)ook of Histology,” by S. Strieker, London, 1874. 



Fiu. 337. — Convoluted Tubule 
FROM A Human Kidney Affected 
WITH Acute Catarrhal (Inter- 
stitial) Nephritis. Oblique Sec- 
tion. 

P, Inllaminatory corpuscle, sprung from tlie 
division of an epitlieliuni ; ./?, cluster of inllam- 
matory corpuscles, sprung in the same man- 
ner : E, rods of cuboidal epithelia, still recog- 
nizable; E, endothelia, increased in size and 
number. Magnified 1200 diameters. 
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of a new formation of epithelia after the loss of the original epithelial invest- 
ment. (See Fig. 338.) 

It may be admissible to assume that the enlarged endothelial layer serves 
(at least to some extent) as a substitute for the lost epithelia. In tnbules 
whose epithelia, as in chronic catai’rhal nephritis, are transformed into inflam- 
matory or medullary corpuscles, the new formation of such structures also 
starts from the endothelia. The 
final result in this instance is 
known to be the destruction of the 
tubule and its replacement by 
newly formed connective tissue — 
a condition which is known by 
pathologists as cirrhosis of the kid- 
ney. 

Still more plainly marked are 
the endothelia in croupous (paren- 
chymatous) nephritis. In fact, the 
appearances seen in urinary tu- 
bules, where casts have just form- 
ed, could not be explained, unless 
by the presence of endothelia. We 
do not yet know what the mass 
composing a cast really is. This 
much, however, is certain, that 
easts are proteinates and forma- 
tions of an albuminous or fibrinous 
exudate from the blood-vessels. 

This exudate, before it reaches the 
central caliber of the tubule, nec- 
essarily must saturate the inter- 
vening epithelia, whose structure 
is completely destroyed by this 
process. 

It is not my purpose to dwell 
upon the origin of casts ; but, from 
what I have seen, I cannot concur 
with Oedmansson * in the opinion 
that every cast should be regarded as a product of secretion furnished by the 
epithelium. I am sure that the epithelia perish in the formation of the cast. 
Neither can I agree with Charcot t in the opinion that some (granular) easts 
are made up of broken-down epithelial cells, others (hyaline and some gran- 
vdar) of an albuminous substance, while epithelial easts are agglomerations 
of epithelial cells more or less altered. Bartels t insists that, in eveiy case in 
which he has examined microscopically thin sections of diseased kidneys 
whose tubules were blocked by the dark granular casts, the tubules invariably 
exhibited an epithelial lining, reconciling this fact with his view by admitting 
tliat the theory of Key and Bayer — that the epithelium thus shed is rapidly 
reproduced — maybe correct. From my observations it is obvious that the 

* Bartels, von Zieinssen’s “Cyclopsedia,” vol. xv., pp. 84. 

t Charcot, “ Bright’s Disease.” Millard’s translation, New-Yoi-k, 1878, pages 29 et seq. 

t Bartels, op. ciL, pp. 84-86. 



Fig. 338. — Convoluted Tubule fkom 
A Human Kidney Affected with 
Chronic Catarrhal (Desquama- 
tive) Nephritis. Oblique Section. 

(', caliber, widened by loss of tiie epitlielia ; 
E, endothelia, increased in size and immher ; F, 
interstitial lihrous connective tissue, with aug- 
mented plastids. Magnitied 1200 diameters. 
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last three writers have regarded the eiidothelia, as I have described them, 
as epithelia. 

Whenever we find a cast within a tubule, especially in transverse sections 
of the tubule, we almost invariably see a wreath of irregularly spindle-shaped, 
partly nucleated bodies, which I am sure are nothing but the lining endothelia 
of the structureless membrane. Alfred Meyer* gives illustrations of these 

wreaths, which evidently are drawn 
with the greatest accuracy; but he 
does not realize at all their character 
or significance, for he suggests that 
they are constructed either of rem- 
nants of the former epithelia, of 
which a large portion has been de- 
stroyed in the formation of the cast, 
or that they may be newly formed 
epithelia. In both these views he 
is mistaken. The epithelia are cer- 
tainly gone, entering, in a consider- 
ably swollen condition, the mass of 
the east, and what is behind the cast 
is not newly formed epithelia, but 
E merely the endothelial investment 
of the structureless layer, consider- 
ably increased in size. (See Fig. 
339.) 

Not infrequently we see widened 
urinary tubules — as a imle, of the 
convoluted variety — entirely desti- 
tute of epithelia ; or we see such tu- 
bules containing a cast broader in 
its diameter than the caliber of the 
tubule would be if the epithelial 
layer were present. The latter feat- 
ure is explicable by the fact that 
casts may be carried into tubules far 
distant from the place of their ori- 
gin — into tubules, besides, whicli 
have been previously deprived of 
their epithelia. There is no cogent necessity whatever for the conclusion that 
casts may form in tubules after these have lost their epithelia. In neither of 
these instances shall we ever miss the endothelial investment, although this is 
often found in a mutilated or imperfectly developed condition. 

The results of my researches may be summed up in the following state- 
ments : 

1. The rods discovered hy Heidenhain in some varieties of the tidndi itriniferi 
are part and parcel of a reticulum present within every epithelium. 

2. The reticulum, including its elongated, rod-like formations, is the living mat- 
ter proper. 



Fig. 339. — Convoluted Tubule prom 
A Human Kidney Affected with 
Acute Croupous Nephritis. Ob- 
lique Section. 

0, liyaline cast ; R, swollen and disinte- 
grated epithelia i)artioipating in the formation 
of the cast ; If?, wreath of endothelia ; I, inter- 
stitial connective tissue. Magnified 1200 diam- 
eters. 


* “ Uutersuchnugen iiher acute Nierenentzunduu” 
zu Wien,” 1877. 
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3. The relation of the rods to the rest of the reticuhim of an epithelial hodi/ 
varies (jreatly, the variation prohahly beiny due to different stayes or deyrees of 
secretion. 

4. The reticnlum,, inchtdiny the rod-like formations, in the inflammatory proc- 
ess, both in catarrhal and croupous nephritis, yives/rise to a new formation oflir- 
iny matter, which results in the new formation of medullary corpuscles or 
j>us-corjmscles. 

5. The structureless membrane is lined by flat endothelialyiny between it and 
the basis of the epithelia of the urinary tubules. 

6. In nephritis the endothelia become considerahly erdaryed, and in catarrhal, 
as well as in croiqrous nephritis, they line the urinary tubules after the epithelm 
'have been shed or lost; they surround the cast in croupous nephritis after the epi- 
thelia have perished in the formation of the cast. 

Xephritis. Under the head of Bright’s disease are included a 
number of morbid processes of the kidneys which comprise 
mainly acute and chronic inflamm’ation and its terminations. 
No clear understanding of nephritis was hitherto possible on 
account of the lack of discrimination between its different 
forms and degrees, although this disease is far more common 
than is usually thought, as proved by the careful examination 
of the urine of even apparently healthy persons. Every acute or 
chronic disease of the organism, terminating fatally, reflects upon 
the kidneys to such an extent that, with the exception of sudden 
and accidental deaths, normal kidneys are never found on autopsy. 
In three hundred post-mortem examinations of persons dead of 
tuberculosis in its manifold appearances, I have never met with 
perfectly healthy kidneys ; and in most the cases of persons dead 
of different acute or chronic diseases, the kidneys were also found 
in a pathological condition — at least, so far as the examination 
with the naked eye admitted of conclusions. 

Instead of the more modern terms interstitial, desquamative, 
parenchymatous nephritis, and the insignificant term Bright’s 
disease, involving all varieties of nephritis, I prefer to adopt the 
old-fashioned terminology of humoral pathology. As explained 
in previous chapters, every inflammation of glandular organs is 
interstitial, desquamative, and paronchymatous, as the process 
starts in the vascularized connective tissue and the epithelia 
participate, as it were, in a secondary way. I distinguish differ- 
ent degrees of nephritis, which are : the catarrhal, the croupous, 
and tdie suppurative, each of which may be acute, or chronic, or 
subacute — i. e., chronic with repeated acute recurrences. 

The two following articles are the results of careful researches 
made on a large number of kidneys both of human beings and of 
animals. They throw light upon the hitherto dark subject of 
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nephritis, especially so the article on chronic nephritis, which is 
based on researches extending over years. The secondary changes 
of the kidney- tissue, embracing the formation of cysts, the fatty 
and waxy degeneration, are cleared np in a satisfactory manner. 

Here I briefly wish to allude to the peculiar formations, termed 
tubular casts, which arc observed under the microscope in the 
urine as w^ell as in the tubules of the kidneys. They were flrst 
described as occurring in both situations by Henle in 1842, who 
considered them to be coagulated fibrine. Since that time the 
views concerning their origin have greatly changed ; they were' 
considered as products of secretion of the epithelia of the 
tubules, or as transformed epithelia, but the participation of the 
blood in the formation of casts was neglected. N. A. J. Voor- 
hoeve,* in an excellent article, gives the results of experiments 
made for the purpose of tracing the origin of the casts in the 
tubules. This author produced casts in rabbits’ kidneys by 
administration of cantharides and of neutral chromate of am- 
monia, and by ligation of the ureters, and especially by a tempo- 
rarily impeded circulation in the kidneys through compression 
of the renal artery and the renal veins. He comes to the conclu- 
sion that only the dark granular casts are due to a disintegration 
of the tubular epithelia, while hyaline casts are caused by dis- 
turbances in the vascular system, without the least participation 
on the part of the epithelia. He claims having observed within 
the tubule the epithelial wreath around each cast. Numerous 
observations in inflamed kidneys led me to the conclusion that 
the wreath of partly nucleated flat bodies around the casts are 
not epithelia, but the grown-up eudothelia, subjacent to the epi- 
thelial cover, while the epithelia, being saturated with an exudate 
from the neighboring blood-vessels, are transformed into the mass 
composing the cast. How this conception has developed is shown 
by the foregoing and the two following articles. A simple 
hyperaemia of the kidneys cannot, as is generally believed, lead 
to the formation of the casts, as they are always the products 
of an inflammatory action, which is also well marked in the 
surrounding connective tissue. Voorhoeve’s experiments eluci- 
date the probable source of nephritis in pregnancy, which in 
all evidence is caused by a pressure on the renal vein of the 
pregnant uterus, mostly in the right kidney. 

Nephritis, as every other disease, is marked by various degrees 

* “ Ueber des Entstehen der sogenannteii Fibrin cylinder.” Virchow’s 
Archiv, LXXX. Bd., 1880. 
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of intensity. Sometimes it appears in a mild form, not seriously 
interfering with the general health of the person, while in other in- 
stances it destroys life in a very short time. The presence of casts 
in the urine I consider a serious symptom, though, if present only 
in small nnmhers, they indicate a slight inflammatory disturbance 
in the kidneys, which might run for quite a number of years. 

As the uriniferons tubules are lined with only a single layer 
of epithelia, a perfect recovery from any attack of nephritis must 
depend upon the reproduction of the lost epithelia from those 
which remain. Nothing is known concerning the reproductive 
power of kidney epithelia, and that it occurs is a mere inference. 
Patients overcome milder attacks of catarrhal nephritis ; but the 
danger rests in repeated recurrences of this nephritis, which at 
length leads to cirrhosis of the kidneys. Recovery after croupous 
nephritis seems in children to be complete — f. i., after scarlet 
fever or diphtheria. They sometimes overcome acute haemorrhagic 
croupous nephritis of a degree which invariably kills the adult. 
Recovery, furthermore, is often observed after the nephritis of 
pregnancy, probably for the reason that only the right kidney is 
the seat of disease. Nephritis produced by certain poisonous 
drugs (eantharides, turpentine, etc., often, also, iodine and arsen- 
ical preparations) may terminate in a cure as soon as the admin- 
istration of the poison is stopped. Even chronic nephritis, with 
waxy degeneration, will, if caused by chronic pyasmia, subside 
after the removal of the source of suppuration. In such cases of 
recovery certain regions of the original kidney-tissue are de- 
stroyed, and replaced by cicatricial connective tissue, produc- 
ing a condition of atrophy in those portions, while the greater 
part is left unchanged. In most instances of spontaneous croup- 
ous nephritis, however, the disease becomes chronic, with re- 
peated attacks of intercurrent acute nephritis, and terminates 
finally in a partial atrophy of the kidney-tissue, or a general 
hypertrophy of the interstitial connective tissue. Such kidneys 
are usually subject to cystic, fatty, and waxy degeneration. 
Whether or not the two last-named conditions arise primarily, 
without any preceding inflammation, I am nnable to say. 

Acute Ixflammatiox of the Kidneys. By Alfred Meyer, New-York.* 

Since Eicliard Bright, in 1827, drew attention to certain diseases of the 
kidneys, in consequence of which severe disturbances of the organism, and 

* Abstract of the essay, “ Uutorsuohuugen ilber acute Nierenentzuiuliuig.” Sitzungsber. 
<1. Kais. Akademie d. Wisseiisch. in Wien, LXXV. Bd., 1877. Translated by tlie author. 
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not infrequently death, could be produced, leading pathologists have retained 
the designation “Morbus Brightii,” and distinguished it from nephritis. 
Thus, C. Rokitansky* separates nephritis from Bright’s disease. P. Rayer,t 
and subsequently B, Reinhardt,^ described Bright’s disease as a diffuse exu- 
dation into the renal tissue. Frerichs § likewise regarded the designation 
“inflammation of the kidney” as insufficient, and retained the customary 
name of “ Bright’s disease.” Virchow 1| was the first to speak of a catarrh of 
the urinary tubules, and to know that the catarrh could increase to croup — 
that is to say, to the formation of a fibrinous exudation in the urinary tubules. 
According to him, croup of the urinary tubules is a severer degree of catarrhal 
inflammation. As a third form he adopts “parenchymatous inflammation’' 
of the kidney, which depends essentially on a change in the epithelial cells. 
In his opinion, catarrhal, croupous, and parenchymatous inflammation can 
attack the kidney simultaneously, and for this condition he wishes to retain 
the name of “ Bright’s disease.” Herewith, the way was prepared for the 
idea that Bright’s disease is an inflammatory process, and this view was sub- 
sequently adopted by the following authors: S. Rosenstein,^ who speaks of a 
catarrhal and of a diffuse nephritis ; furthermore, William Aitken ' and J. 
Hughes Bennett.^ Aitken distinguishes two varieties of inflammation of the 
kidney, in Virchow’s sense, — namely, the interstitial, in which, principally, 
the connective-tissue stroma is diseased, and the parenchymatous, in which 
the urinary tubules are mainly affected. T. Grainger Stewart ^ divides this 
disease into an inflammR,tory, an amyloid, and a cirrhotic form. Ed. Rind- 
fleisch* declares premature the attempts of Rayer, Foerster, and others to 
draw sharp lines between a simple albuminous, a parenchymatous, an inter- 
stitial, and a croupous nephritis. He speaks of a desquamative cataiu’h, of an 
acute parenchymatous nephritis, — under which latter head he distinguishes 
between a circumscribed purulent, and a diffuse, non-purulent form. In 
addition, he speaks of a combination of parenchymatous and interstitial 
nephritis. C. Heitzmann® asserts that the picture of Morbus Brightii drawn 
by Rokitansky includes two different forms, namely, croupous and intersti- 
tial nephritis. According to him, the characteristic anatomical feature of 
interstitial nephritis is the striation of the more or less swollen cortical sub- 
stance ; while the characteristic feature of croupous nephritis depends on the 
diffuse infiltration, superadded to the inflammatory swelling and redness. C. 
Bartels® divides the diffuse diseases of the kidney into hypersemia, ischaemia, 
parenchymatous inflammation, interstitial inflammation, and amyloid degen- 
eration. 

This much is clear at the present day, that the designation “Bright’s 
disease” must be dropped as being altogether unscientific. Virchow’s 

“ Handl)ucli der Tatliol. Aiiatomie,” 1861, 3 Anil. 

t “Traitd des Maladies dos Keiiis,” Paris, 1840. 

I “ Aniialen des Charite Krankenli., Berlin, 1850. 

§ “ Die Bright’ sclien Nierenkraiikheiten und ihre Behandluug,” Braunschweig, 1851. 

II “ Deber ijarencl). Bntzuiid.” Virchow’s Archiv, 1852. 

“Die Pathol, und Therap. der Nierenkrankheiten,” Berlin, 1870. 

1 “ Science and Practice of Medicine,” London, 1863. 

2 “Princffilos and Practice of Medicine,” Edinburgh, 1865. 

3 “A Practical Treatise on Blight’s Diseases of the Kidneys,” Edhiburgh, 1871. 

4 “Lehrbuch der Pathologischen Gewehelehre,” 3 Aufl., Leipzig, 1873. 

6 Ueber Tuberkelhildiing. Wiener Med. .Tahrb., 1874. 

6 “ Krankheiten des Harnapparates in Ziemssen’s Handbuch der spec. Pathol, und 
Therap.” Leipzig, 1871. 
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attempt to localize the inflammatory processes (which, as generally agreed, 
form the basis for all the changes of renal tissue described as Bright’s 
disease) in the, principal histological components of the kidney, namely, in 
the tubular epithelium, in the blood-vessels, and in the connecting stroma, 
cannot be carried out. I am not familiar with any form of inflammation, 
whether of the kidney or of any other glandular organ, which can begin 
and also run its course in only a single one of the constituent tissues. Under 
all circumstances every one of the histological components is involved in the 
process, not only in the mildest catarrhal inflammation, but also in the severe 
form of suppuration. 

To me no other method of elucidating the forms of renal inflammation 
seems possible than a comparison with analogous processes in glandular 
organs in general, whose simplest representatives are the mucous mem- 
branes. If we remember that in inflammation the blood-vessels are impli- 
cated by the production of an exudate, and the other histological constituents 
by morphological changes brought aboiit by nutritive disturbances of the 
living matter, we shall have to regard every inflammatory process as a disease 
of the tissue in its entirety. Neither the blood-vessels, nor the connective 
tissue, nor the epithelium alone can exclusively afford the substratum of 
an inflammatory process, but always these components eoineidently. What- 
ever in the tissue is endowed with life will become active and then produc- 
tive during a nutritive disturbance, and only in the ease of the death, of the 
so-called gangi’ene of the tissue is the idea admissible that the tissue is 
destroyed and remains passive. 

In analogy to the varieties of the inflammatory processes in mucous 
membranes, we may also speak of a catarrhal, croupous, suppurative and 
diphtheritic inflammation of the kidney. Each of these varieties may be cir- 
cumscribed or diffuse ; each can gradually pass into the other without our 
being able to draw sharp lines between them, either with the naked eye or 
with the microscope. 

We will accordingly retain this principle of division. The term ‘^croup- 
ous nephritis” has been declared to be inadmissible, because the fibrinous 
nature of the casts, and hence their identity with the croup membrane of 
other mucous membranes has not been demonstrated. True, croup-mem- 
brane and casts are neither morphologically, nor microscopically, nor chemi- 
cally entirely identical. I shall however, try to explain these differences and 
believe that I am justified in upholding the variety of croupous nephritis on 
account of all its accompanying conditions. I shall not consider the diphthe- 
ritic variety of inflammation, since it mainly affects the renal pehds and 
ealices. 

(1) The Catarrhal (Desquamative, Interstitial) Nephritis. The phenomena 
which are characteristic of mild catarrhal inflammation in a mucous mem- 
brane are cedematous swelling of the connective tissiie, swelling and granular 
cloudiness of the epithelial covering, and subsequent desquamation of the 
epithelium. The blood-vessels which, even to the naked eye, appear filled 
and dilated, under the microscope show a more or less complete distension 
with blood-corpuscles, without apparent alteration in the structure of their 
wall. It never has been doubted that the cedematous swelling of the connect- 
ive tissue and the desquamation are due to a serous exudation from the 
blood-vessels, in spite of the fact that the exudation, as such, cannot be seen 
under the microscope. The presence of the exudate within the tissue (paren- 
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chymatous and interstitial exudation, Virchow) is to be regarded as an essen- 
tial factor of the inflammatory changes, since partly mechanical changes and 
partly nutritive disturbances are produced by it. 

In more severe and prolonged acute catarrhal inflammation the connective 
tissue participates in what is called inflammatory infiltration,” which leads 
to hypertrophy (hyperplasia). It is a well-known fact that the changes in the 
connective tissue are accompanied also by changes in the epithelium — viz. : 
at first, proliferation, then desquamation, and finally, hyperplasia of the epi- 
thelium. 

Thus, the catarrhal inflammation in the kidney consists, in the beginning, 
principally in changes of the epithelia, subsequently in changes of the con- 
nective tissue. For this reason, a subdivision into epithelial changes (paren- 
chymatous, Virchow) and connective tissue changes (interstitial, Virchow) is 
not admissible. Catarrhal inflammation includes, with only gradual differ- 



Fig. 340. — Acute Catarrhal Nephritis. Initial Stage. 


0, convoluted tuLule; IV, asceiuling Lranch of narrow tubule; J, interstitial connective 
tissue in (edejiiatous swelling; M, beginning of intiaminatory intiltratiou. Maguitied .500 
diameters. 

ences, the desquamative, the interstitial, and also the parenchymatous form 
of inflammation described by authors. 

I have studied acute catarrhal inflammation in the kidneys of a child six 
years of age, dead of diphtheria, in which symptoms of urtemia had ensued 
four or five days before death. The changes implicated principally the cortical 
substance. (See Fig. 340.) 

Some capillaries are choked with red blood-corpuscles and dilated, others 
hold a moderate amount of blood. Some blood-vessels contain, besides indis- 
tinctly recognizable red blood-corpuscles, a finely granular material, which 
corresponds, perhaps, to what authors call “ micrococci.” Since the inferences 
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drawn nowadays from the presence of such micrococci in certain forms of 
nephritis cannot be regarded justifiable, I am satisfied with the statement of 
the above condition. The majority of the glomeruli are moderately enlarged 
and their vessels provided with more abundant bodies resembling nuclei 
than normal ; I cannot decide whether these changes proceeded from the intei’- 
vascular connective tissue (Axel Key) or from the epithelial covering. The 
connective tissue around the glomeruli and between the urinary tubules is 
everywhere enlarged, more markedly in the cortical than in the pyramidal 
substance. In the dilated interstices we meet with separated bundles of con- 
nective tissue, a condition which corresponds to serous infiltration or oedema 
of the connective tissue. At intervals clusters of red blood-corpuscles are 
found in the cedematous connective tissue. In some places the connective 
tissue is gi*anular and abundantly provided with nuclear formations, which is 
the beginning of interstitial infiltration. The epithelium of the convoluted 
as well as of the straight, urinary tubules is swollen throughout. Many of the 
convoluted tubules are enlarged and irregularly sinuous, and their central 
caliber is reduced to a minimum. In a number of narrow tubules the caliber 
has entirely disappeared. , 

The epithelia, especially those of the convoluted tubules, are filled with 
coarse granules, mostly to such an extent that the nucleus is concealed. This 
condition, known as “ cloudy swelling,” is mentioned by all authors, but its 
nature was unknown. In the acute stage of inflammation we have not to deal 
wth fat granules, which may be proved by simple tests. With high magnify- 
ing powers we see that a large majority of the granules within the epithelia are 
united by flne threads, and such threads we recognize also in the perinuclear 
rim, wherever the nucleus is visible. Cloudy swelling, therefore, is produced 
by a growth of the living matter in the epithelia. As I propose to show later, 
we have here the first steps toward an endogenous production of new ele- 
ments. 

If the acute catarrhal inflammation from its beginning is not severe enough 
to cause the death of the individual ; if, furthermore, it does not affect the 
entire kidney, but only disseminated foci, either the desquamative or the 
interstitial form of inflammation is more prominent. I had the opportunity 
of studying these forms in kidneys of persons who died of tuberculosis, in 
whom this nephritis is of almost invariable occurrence. (See Fig. 341.) 

The calibers of the capillaries are mostly preserved ; their walls, however, 
appear reduced to elements analogous to those which fill the surrounding 
connective tissue. The glomeruli are moderately enlarged and their vascular 
loops concealed by abundant, shining, nuclear formations. They present the 
appearance which Klebs described as “ glomerulo-nephritis,” a superfluous 
name in the face of the fact that inflammatory changes of the glomeruli 
merely accompany the diffuse nephritic process. It seems that in these 
changes the intra-capsular connective tissue is involved as well as the lining 
epithelium. Where the tuft is separated froTu the capsule, or has fallen out, 
we can convince ourselves that the epithelium of the capsule is for the most 
part converted into homogeneous, shining lumps, or that the nuclei alone have 
imdergone this change. 

The connective tissue between the urinary tubules is widened. Its fibrous 
structm’e is retained only in part, while its greatest portion is converted into 
variously shaped lumps, partly granular and partly homogeneous, represent- 
ing the so-called “inflammatory infiltration.” We see that the majority of the 
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newly appeared elements are united to each other by fine threads. The 
membrana propria of the urinary tubules remains intact in this stage of the 
inflammation. 

We find the epithelium in many urinary tubules unchanged or in a condi- 
tion of cloudy swelling, while numerous convoluted and straight tubules are 
entirely or partially deprived of their epithelium — the desquamative mqylmtis 
of authors. Wherever groups of detached epithelia fill the caliber of the 
urinary tubules, we recognize that the epithelia are .smaller and of a more 
irregular form than normal. We encounter round, angular and spindle-shaped 
bodies, with and without nuclei, which are, perhaps, newly produced epithelia, 
detached from the walls of the tubules by a subsequent serous exudation. 
That a reproduction of epithelia really takes place is indicated by the presence 
of those peculiar shining bodies which adhere to the otherwise denuded wall. 



Fig. 341. — Catarrhal Nephritis with Prevailing Interstitial 
Inflammation. 

A’, iiriiiiferous tnbule, lined witli irregular epitlielia; D, cluster of desquamated ej)!- 
tlielia ; L, sliiniug lumps, from wliioli new formation starts ; J, considerably broadened 
interstitial tissue, crowded with inflammatory corpuscles. Magnified 500 diametei's. 

In the highest degree of catarrhal inflammation, which occurs especially 
in the cortical substance, in the bundles of straight tubules, all the constituent 
parts of the kidney-tissue have disappeared in the inflammatory proliferation. 
(See Fig. 342.) The blood-vessels are no longer recognizable, and not 
permeable for liquids injected from without. The connective tissue is strewn 
with shining, homogeneous, irregularly shaped lumps ; the membrana propria 
has disappeared in many places, so that no demarkation is visible between 
connective tissue and urinary tubules. The latter, especially the narrow 
tubules, are crowded (as a matter of course, only in places where no desqua- 
mation had taken place,) with shining, many-shaped lumps, which are stained 
a deep red by carmine. 
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Up to the present time this condition was overlooked by all investigators. 
The changes consist in the following ; In the epithelia, which are often still 
recognizable by the presence of the irregular caliber of the former tubule, the 
nuclei or nucleoli, or also single granules, have been converted into shining, 
irregularly shaped, nearly homogeneous lumps, some of which present dis- 
tinct partition lines. In some Uibules these lumps are present in small num- 
bers, in others they are numerous, and finally the entire epithelium appears 
converted into such lumps, which are separated from one another by narrow 
rims of a cement-substance, but are in uninterrupted continuity with each 
other by means of fine threads. This process is a recurrence of the juvenile 
condition of living matter. As the same process invades also the connective 
tissue, the entire structure, especially in the region of the narrow tubules, 
appears converted into an indifferent or medullary tissue. From this the pro- 
duction of connective tissue proceeds, that leads to cirrhosis and granulation 



Fig. 342. — Catarrhal Nephritis. High Degree. Transforma- 
tion OP THE Epithelia into Indifferent Corpuscles. 

V, convoluted tubule, lined witli ex)itlieliuni in the stage of “cloudy swelling”; L, 
reumants Of uriuiferous tubules, whose epithelia are broken up into homogeneous, shining 
lumps ; I, interstitial tissue, entirely converted into pale granular, or shining inditterent 
elements. Maguifled 500 diameters. 

of the kidney. It is this process — formerly incorrectly regarded as entirely 
interstitial — which results in contraction of the kidney-tissue and in the pro- 
duction of a more or less uniform granulation of the surface. (See Fig. 343.) 

If we are to describe concisely the nature of catarrhal inflammation of the 
kidney we should say that in the first stage it is characterised hy serous transu- 
dation into the connective tissue and cloudy swelling of the epithelia; in the second 
stage, hy inflammatory inflltration of the connective tissue, desquamation and 
reproduction of the epithelium ; in the third stage hy a metamorphosis of the con- 
nective tissue and of the epithelium into an indifferent or medullary tissue. The 
inflammation maybe of a varying degree of severity; its course maybe acute 
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or subacute ; the characteristic feature always is the serous transudation, con- 
sequently the absence of casts, a variable percentage of albumen in the urine, 
and the presence in the urine of tubular epithelia. The inflamed renal tissue 
at no time ceases to be a tissue, hence, no suppuration occurs. The subse- 
quent course is characterized by destruction of the epithelia amid continuous 
reproduction of connective tissue, and the final atrophy of the renal tissue, re- 
sulting in the formation of the small, contracted, granular, or cirrhotic kidney. 

(2) Cronpons (Parenchymatous) Inflammation of the Kidney. The eharae- 
teristic feature of croupous inflammation of mucous membranes in general is 
the presence of a coagulated albuminous substance on the surface, the latter 
being partially or completely denuded of its epithelium. The inflammation 
of the connective tissue is always a severe one, betokened by intense redness, 
swelling, and infiltration with form-elements. Examination with the micro- 
scope teaches that the greatest part of the so-called croup-membrane consists 



Fig. 343. — Catarrhal Nephritis. High Degree. Transforma- 
tion OP THE Epithelia into Indifferent Corpuscles. 

C, convoluted tubule, with coarsely granul.ar epithelia ; IS, remnants of a tubule, without 
distinct boundary toward the interstitial tissue ; the fepithelia hold shining, homogeneous 
lumps; L, the epithelia entirely broken up into shining, homogeneous lumps ; recurrence of 
the juvenile condition; I, insterstitial connective tissue in a similar condition. Magni- 
fied 800 diameters. 

of a dense net-work of coagulated fibrine, in which varying numbers of bodies 
of the aspect of nuclei are imbedded. A similar net-work is also invariably 
found in the air-cells of the lungs in croupous pneumonia, and the absence of 
coagulated fibrine is regarded as an important feature of catarrhal pneumonia. 

The question as to the origin of the croup-membrane has been answered 
in different ways. Whereas some regard the entire mass as a coagulated 
exudation from the blood ; others (Virchow, E. Wagner) believe it to be a 
direct product of epithelia, and others again explain the presence of plastids 
within the croup-membrane by supposing an extensive emigration of colorless 
blood corpuscles. 

If we take into consideration that a fluid exudate before reaching the sur- 
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face must pass through the walls of the vessels, through the coimective tissue 
intervening between vessels and epithelium, and finally through the epithelia 
themselves, it is evident that every superficial exudation, before becoming 
free, must have been an interstitial and a parenchymatous one. The fluid 
coming from the blood, is taken up by the living epithelia, and may lead to 
changes such as were described by E. Wagner, but also to the destruction of 
the epithelia. After the union of the granules of living matter is broken, the 
granules themselves are imbedded in the coagulating exudate, or are converted 
into an albuminate no longer viable. This change may occur in the epithelia 
as well as in the connective tissue after dissolution of the basis-substance. 
There is nothing to hinder the supposition that with the exudate formed ele- 
ments of the blood emigrate, and, after being entirely or partially changed, 
lie imbedded in the now coagulated mass. It is evident that epithelia alone 
cannot produce a croup-membrane, but require the presence of an exudate 
from the blood, and the essential constituent of the croup-membrane, under 
aircireumstances, is the eoagulable albuminoid body from the blood. 

If we apply to the renal tissue the experience gained in other mucous 
membranes, it follows that the characteristic features of a croupous nephritis, 
in Traube’s sense, consists in the presence of easts. I mean the products 
known as hyaline and granular casts to which epithelia from the tubules may 
adhere. The waxy, shining casts may be formations which have undergone sec- 
ondary changes. These bodies were seen for the first time in 1842 by Henle, 
and declared to be fibrine. This view was shaken by Rovida, * who stated that 
the colorless and yellow easts could neither be fibrine, nor gelatine, chondrine, 
miicine, hyaline, or other colloid substance. Rovida admits, however, that 
casts possess certain properties of the proteinates which permit their being 
regarded as derivations of an albuminous substance. According to Axel Key 
and Ottom. Bayer the casts have arisen from a degeneration of the tubular 
epithelium and a coalescence of epithelia thus degenerated ; both investigators 
are cognizant of the fact that in tubules which are obstructed by a cast the 
epithelial lining is present nearly every time and remains intact for a long 
while. It will scarcely be necessary to go into particulars regarding the secre- 
tion theory, since after what has been said the exudation from the blood must 
under all circumstances pass through the epithelia. 

C. Bartels t declares that clinical experience compels him to adhere to the 
older view concerning the origin of certain forms of casts — namely, that 
casts are produced by the coagulation of an albuminous substance. This 
supposition is based on the experience that the presence of easts in the urine 
depends upon the admixture of albumen with this secretion, since, firstly, such 
casts are found in the urine in conditions accompanied by albuminuria ; and 
secondly, in the great majority of eases, coincidently with the albumen, casts 
also appear in the urine. Bartel’s views agree with my experience, both 
clinical and microscopical. I have not seen casts in urine that was free from 
albumen, but I have quite frequently examined albuminous urine in which 
casts were not demonstrable. The more abundant the albumen in the urine 
was, the more certainly could I expect to discover casts, and wherever I had 
an opportunity to examine kidneys post-mortem which had excreted urine 
rich in albumen dxiring the life of the patient, and where there had been 
symptoms of an acute inflammation of the kidney, every time I encountered 

* “ XJeber das Wesender Harncyliiider. Molescliott’s Uiitersuclmngen,” XI. Band. 

t Zieinssen’s “ Handbucli der spec. Pathol, und Therap.” 
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a severe degree of inflammatory changes which, on account of the presence 
of the casts witliin the tubules, might be called croupous, in the sense of 
Henle and Traube. 

The condition of the kidney of a man, thirty-seven years of age, who died 
with symptoms of uraemia, on the sixth day after the extirpation of an orbital 
tumor, is the following : The kidneys increased in size by one-half their bulk, 
rich in blood, of a doughy softness ; the capsule easily stripped ; the surface 
markedly injected ; the cortical substance twice as broad as normal ; the border 
toward the pyramids indistinct. The whole tissue, especially that of the corti- 
cal substance, of a nearly homogeneous, grayish-red color, evacuating a thick, 
gi'ayish-red, cloudy fluid when its cut surface is scraped with the knife. The 
glomeruli appear enlarged, even to the naked eye, and are of a dark red color. 
Under the microscope the blood-vessels appear dilated, partly filled with 
blood. The arteries (especially their middle coat), are widened, the muscle- 
fibers in part coarsely granular, in part converted into homogeneous, shining 
layers. The glomeruli universally enlarged, their vascular loops dilated, the 
vascular walls shining and nearly homogeneous ; the connective tissue between 
the loops widened, provided with shining granules and lumps. The capsule 
and the interstitiaf connective tissue have for the most part lost their striated 
character, and appear granular, dotted with numerous, partly homogeneous, 
partly coarsely granular lumps. 

The urinary tubules present changes, as in catarrhal inflammation — the 
convoluted tubules enlarged and wound; their epithelia in a condition of 
‘ ‘ cloudy swelling,” in part detached from the wall, and lying free in the 
lumen ; in many places the epithelium broken up into yellowish, shining 
lumps. Moreover, the epithelia of many convoluted and straight tubules pre- 
sent changes which must be regarded as characteristic of croupous inflam- 
mation. The epithelia are swollen up to a complete closure of the lumen ; 
they are converted into globules or plates of a faint luster, which, partly coa- 
lescing, represent irregular, caky masses. Finally, all the epithelia of a tubule 
appear changed into such a mass, in which even the outlines of the former 
epithelia are recognized ; these are the tubular casts. Hyaline or finely 
gi-anular casts are colorless in the fresh state, and are readily stained by car- 
mine, while, more particularly in the narrow tubules, granular, yellowish plugs 
occur which do not imbibe the carmine. Since plugs of the latter kind are 
also to be observed in blood-vessels, nay, even in single loops of the tufts, 
there can be no doubt that they are albuminates, being essentially the same 
as the fluid portion of the blood, and stained yellow by the coloring matter of 
the blood. Wherever the epithelium has gone through the process described, 
small, shining, spindle-shaped projections are visible on the membrana pro- 
pria, in part distinctly separated from the caky mass ; and where the forma- 
tion of a hyaline cast is complete, we almost constantly meet with a narrow 
epithelial layer, composed, in the optical section, of spindles. 

Many convoluted tubules contain hyaline casts, the epithelium of the 
tubules being only slightly changed or desquamated. It is probable that these 
are casts which have not been formed in situ, but were washed down. Where 
the cast adheres closely to the wall, the epithelia are either not recognizable, 
or we see irregular projections of the wall or flat bodies quite irregularly 
arranged. (See Fig. .344.) 

How did the casts originate ? Since changes such as described in the epi- 
thelia of the uriniferous tubules occur also in the interstitial connective 
tissue, and even in the blood-vessels, there can be no doubt that the exuda- 
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tion coming from the blood, if taken up by the tissues in sufficient quantity, 
and of a certain quality, leads to the swelling np and death of the living mat- 
ter. The exudation, originally flnid, bnt coagulated soon after its passage 
from the vessels, will contain the altered or lifeless part of the tissue. The 
result of the coagulation is the formation of hyaline or, also, of granular easts 
in the tubules, and of gi-annlar and yellowish hyaline plugs in the blood- 
vessels and narrow tubules. The casts are products of an albnminous exuda- 
tion from the blood-vessels, plus the swollen np and destroyed epithelia. 
This view is supported by the appearance of the vascnlar loops within the 
tufts ; here the vascular wall is converted into a homogeneous, shining mass. 



Fig. 344. — Acute Croupous Nephritis. 


D, ul'iniferous tubule, with detached eiutlielium ; X, tubule whose ei)ithelium is converted 
into indiflferent eleiueuts; T, tubule lioldiug a hyaline cast, wliich probably was washed 
down from some other itart — tlie epitlieliura in part desquamated; X, interstitial tissue, 
broadened and crowded with intlammatorj' corpuscles. Magnilied 500 diameters. 

which is deeply stained by carmine and exactly corresponds in appearance 
with the casts. 

Under certain circumstances the epithelium of the tubules may partially 
or totally disappear in the mass which we term tubular cast ; but there is 
always a rapid reproduction starting from those lumps of living matter which 
adhere to the tabular wall. On the inner coat of the membrana propria we 
meet with all transitions from yellowish lumps up to the formation of flat 
epithelia covering the cast.* 

* Eater observations liave led to the conclusion that the flat plastids, whicli are spindle- 
shaped in edge- view, are no epithelia, but tlie endofhelia belonging to the so-called membrana 
propria of tlie tubule. Witli this view tlie formation of a cast is satisfactoril 3 ’- explained. 
—El). 
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The changes just described I was also enabled to see in the tubules of 
another kidney, in the immediate neighborhood of small forming abscesses. 
The circumstance that at times formations resembling nuclei are imbedded in 
the east is comprehensible, if we consider that the epithelial body may disap- 
pear in the formation of the east and the nucleus be left unchanged. Granular 
casts are probably formations in which the epithelia have not yet undergone 
such extensive changes as are requisite for the production of perfect hyaline 
easts. Yellow casts are the result of the imbibition of the coloring matter of 
the blood by the coagulum. W axy, shining casts may be secondarily changed 
products, the same as casts which are abundantly provided with fat-granules. 
(See Fig. 345.) 

Not infrequently we observe combinations of catarrhal and croupous 
nephritis, in which cases abundant desquamated epithelium is to be found in 
the urine, but only a few hyaline casts. As, according to the above advanced 



Fig. 345. — Acute Croupous Nephritis in the Neighborhood 
OF A Forming Abscess. 


C, tuBule in transverse section, fllled by a hyaline cast ; E, tubular epithelia at the 
beginniug of ijroliferatiou ; I, interstitial connective tissue crowded with inflammatory 
corpuscles ; their rows probably corresponding with former blood-vessels. Magnified 1000 
diameters. 

views, all forms of inflammation present only gradual differences, further- 
more, even in diffuse nephritis, the kidney is never uniformly diseased 
throughout its substance, but rather in foci, I believe that the presence of a 
few casts, especially in the naiTow tubules, when accompanied by catarrhal 
changes in the epithelium of the convoluted tubules, is easily explained. The 
most numerous blood-vessels run in groups along with the narrow tubules. 
Here, accordingly, the inflammation can easily reach a higher grade than 
in the region of the tufts and of the convoluted tubules. This also explains 
why, after healing of croupous nephritis, irregular cicatiflcial retractions appear 
on the surface, between which there are coarse elevations of a comparatively 
little changed kidney tissue. After croupous nephritis the contraction is 
always irregular and deep, not leading to a granulation of the surface. The 
large, fatty and amyloid kidneys are probably always products of secondary 
changes after an original, acute, croupous nephritis. 


THE URINAEY TBACT. 


765 


(3) Supjmrative Inf animation of the Kidney. The question as to the origin 
of pus in abscess of the kidney has engaged the attention of several inves- 
tigators. In 1852, already, George Johnson observed the transformation of 
the epithelium into pus, especially in the kidney-tissue, notwithstanding his 
being a strong humoral pathologist. Lipsky * has produced purulent foci in the 
kidney experimentally, and asserts that the origin of the pus-corpuscles is to 
be sought for in the epithelium of the uriniferous tubules, by division and by 
endogenous cell-proliferation. 

In considering the fact that the interstitial connective tissue, as well as 
the epithelium, has abundant living matter, it is plain that in nutritive dis- 
turbances the living matter of the tissue in its entirety must undergo changes, 
and accordingly take part in the process of inflammatory proliferation. Cohn- 
heim’s idea that in the inflammatory process an active part is to be ascribed 
exclusively to the colorless blood-corpuscles, must be regarded a failure. 

I have studied the microscopic appearances of suppurative nephritis in the 
kidney of a man who died with ursemic symptoms caused by hypertrophy of 
the prostate, which was followed by suppurative cystitis, suppurative pyelitis, 
and finally, suppurative nephritis. The kidney, especially the cortical sub- 
stance, had numerous abscesses the size of a millet to that of a hemp-seed. 

At some distance from the yellowish pus-foci, which were just recognizable 
with the naked eye, the blood-vessels, especially the veins, appeared filled to 
repletion with blood, dilated, while the capillaries only in part have remained 
recognizable. Many tufts were enlarged and their vascular loops provided 
with numerous coarsely granular nuclei. The interstitial tissue was partly in 
the condition of oedematous swelling, partly sprinkled with groups of yellow- 
ish, shining lumps. The epithelia appeared in the condition of cloudy swell- 
ing ; their cement-substance had mostly disappeared, so that many uriniferous 
tubules were filled with a coarsely granular mass, in which numerous partly 
homogeneous nuclei were imbedded. Thus, w'e observe the features of 
catarrhal nephritis. 

In the neighborhood of many purulent foci the picture of a croupous 
nephritis is presented.! We find most of the uriniferous tubules filled with a 
hyaline mass, readily stained with carmine ; the surrounding epithelial layer 
in the form of lenticular, flattened-in transverse section spindle-shaped, bodies. 
The nearer we approach the pus-focus, the more the interstitial tissue ap- 
pears filled with round, shining lumps, at the same time widened and lack- 
ing blood-vessels. The epithelia of the tubules are converted into irregular, 
shining lumps, or provided with coarse granules, which show marks of divi- 
sion, and, by the manner in which they are grouped, indicate their origin from 
larger lumps. From the homogeneous lumps up to the coarsely granular 
nuclear products all intermediate stages may be traced, until all the epithelia 
appear converted into such nuclear formations, which, in part, lie closely 
together, in part are separated from each other by granular bioplasson. The 
membrana propria is still recognizable in this stage, and distinctly marks the 
tubule from the connective tissue, which frequently contains extravasated 
red blood-corpuscles, beside similar formations. 

Finally, we reach the suppurative focus. (See Fig. 346.) Here the entire 

* Wiener Med. Jaliri)., 1872. 

t Later observations have ilemonstrateil that tuberculosis ot the kidney is invariably 
accompanied by catarrhal nephritis, while suppuration — the pioduction of an abscess — is 
accompanied by croupous nephritis.— E d. 
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interstitial tissue is sparsely traversed by unchanged fibers, but mainly con- 
verted into a granulated mass, in which only globular, shining, or coarsely 
granular nuclear bodies, but no isolated elements, are recognizable. The 
membrana propria is still partly preserved, and we thus ascertain that the 
epithelium of the tubules has broken up into bodies resembling in every par- 
ticular those of the connective tissue. 

While some suppurative foci are composed princiiDally of homogeneous 
lumps, which cannot be considered as completed pus-corpuscles, other foci 
are made up of coarsely granular bioplasson, in which, at nearly equal inter- 
vals, nuclei are imbedded. In neither of these cases has a disintegration of 
the tissue into pus-corpuscles taken place. Foci, on the contrary, which con- 
tain fiuid pus, already recognizable by the naked eye, under the microscope 
also present nothing but aggregations of isolated pus-corpuscles. The loops 
of the tufts also take part in the production of pus, inasmuch as the walls of 



Fig. 346. — Suppurative Nephritis. 


T, remuaiits of uriuiferous tul)ules, 'wliose epitlielia are coalesced into nmltinuclear 
masses; their houiidary line in jjait destroyed hy tlie inlianimatory infiltration; I, intersti- 
tial tissue, almost completely converted into inflammatorj^ corpuscles ; all hlood-vessels 
destroyed. The hreaking-up into single pns-coi-pnscles not yet accomplislied. Magnified 500 
diameters. 

the vessels at first split into shining lumps and subsequently into pus- 
corpuscles. 

The course of suppuration is, therefore, the following : In the first place, 
it is clear that interstitial tissue, as well as epithelium, can be converted into 
pus ; the living matter of either of these tissues may return to the juvenile 
state, the granules becoming enlarged, homogeneous, and shining. We notice 
groups of such lumps scattered throughout the interstitial and the epithelial 
tissue. (See Fig. 347.) 
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Next, with an increasing number of these lumps, the tissue in toto appears 
converted into a conglomerate of shining lumps, and finally, a differentiation 
into nucleated corpuscles takes place, representing a stage in which the former 
tissue is still a tissue, though markedly altered. Only when the continuous 
mass is torn into separate, nucleated lumps have we to deal with finished pus. 
The tissue is destroyed — in its place we have an abscess. 

The endogenous proliferation of living matter takes place in exactly the 
same manner in connective tissue and in epithelium. The division into single 
elements is always a secondary f»rocess, and can occur in every stage of the 
proliferation. Homogeneous lumps break up into a number of granules by 
the formation of new lines of division within the lump. In the beginning 
every lump and every granule is united to all its neighbors by fine threads. 
The living connection is retained even after nucleated bodies have formed 
from the lumps ; the connection is broken after the formation of pus- 
corpuscles. 



Fig. 347. — Suppurative Nephritis. 


C, \iriiilfi“,roii8 tubule, lillod with a oast, iu wliicli lemuaiits of nuclei are imbedded ; L, 
tubular opitbelium, iu active new formation of liviug matter, iu tlie early stages of endoge- 
nous formation of pus-coiTuscles ; V, red blood-coiTuscles, partly iu vessels, partly extrava- 
sated in tlie interstitial tissue, which holds a number of coarsely granular corpuscles. Magni- 
fied 800 diameters. 


Chronic Inflammation of the Kidneys. By Jeannette B. Greene, M. D.* 

In accordance with the plan pursued in the laboratory of C. Heitzmann 
for the last seven years, we divide chronic nephritis into three main varie- 
ties, namely, the catarrhal, the croupous, and the supimrative. All these 
varieties of nephritis may appear in the acute form also. Chronic catarrhal, 
and croupous nephritis may be accompanied by a»eute recurrences of the 
disease, and in this way give rise to a secondary subacute condition. 

It is unnecessary to say that such terms as “catarrhal” and “croupous” 
have no special significance ; but, after having been once adopted in our 
* Printed from tlie author’s manuscript. 
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nomenclature, they may be preserved, and certainly are to be preferred to 
such expressions as “ interstitial,” “desquamative,” or “parenchymatous” 
nephritis, which were introduced by Virchow. In nephritis, as in every inflam- 
mation, the morbid process starts from the vascularized connective tissue, 
while the participation of the epithelia is oidy secondary. Every form of 
nephritis must, therefore, from necessity, be interstitial and parenchymatous 
at the same time. 

The term “Bright’s disease,” I think, ought not to be employed by any 
scientific person, for it has no significance, and the group of morbid phenom- 
ena considered under that head include both the primary and secondary 
changes of the kidney-tissue. 

(1) Chronic Catarrhal Nephritis. We know that in certain forms of nephritis 
the urine contains no albumen, or very little, which may, however, be tem- 
porarily increased ; that it contains kidney epithelia detached from the con- 
voluted and the straight tubules, pus- and blood-corpuscles, and occasionally 
a hyaline cast, usually from the narrow tubes. The clinical features of the 
disease are widely different in diflierent individuals. In cases of this kind 
death may ensue and the kidneys exhibit the appearances described in the 
preceding article. Should the disease, on the contrary, be prolonged for 
several months or years, the result of this chronic action is found to be a 
shrinkage of all the kidney-tissues, and this condition is briefly termed cir- 
rhosis. Chronic catarrhal nephritis and cirrhosis are therefore identical. 

In the milder forms of this disease the surface of the kidney is irregularly, 
though slightly retracted. The capsule is in most eases adherent and fol- 
lows the inequalities of the retractions. The diameters of both the cortical 
and pyramidal substances are somewhat decreased, and all parts of the kidney 
show, even to the naked eye, grayish radiating strias. Under the microscope, 
with low powers the strias prove to be nevvdy formed comiective tissue, which 
is most abundant in the medpllary rays of both the cortex and the pyramids, 
and it is the retraction of this newly formed tissue which causes the irregu- 
larities of the surface. In the more severe forms of chronic catarrhal nephritis 
the whole kidney is considerably reduced in size and the inequalities on the 
surface are very decidedly marked. In transverse section both the cortical 
and pyi’amidal substances are seen to be much narrower than in the normal 
condition. This is more particularly the case in the cortex, of which, in more 
advanced degrees, only slight remnants are left, and these correspond with 
the elevations of the surface. It is further observed under the microscope 
that the newly formed connective tissue is most developed corresponding with 
the medullary rays, between the straight, narrow tubules, which are reduced 
in number. Injected specimens of cirrhotic kidneys show plainly a deficiency 
of blood-vessels in the medullary rays of both the cortex and pyi-amids. The 
capillary reticulum around the tufts and tubules is also scanty. The calibers 
■of the capillaries are in many places irregularly distended, and the vasa recta, 
which are capillary prolongations extending into the pyramidal substance, are 
narrower than the normal vessels. At the points of transition of cortical 
capillaries into vasa recta, the difference in their respective calibers is less 
marked than in the normal kidney. 

The question now arises. What are the changes which take place in the 
kidney-tissue, producing destruction of tufts, tubules, and blood-vessels, and 
giving rise to such an extensive new formation of connective tissue in their 
stead ? 
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I am able to coi-roborate the statement made by A. Meyer, tliat in the 
process of catarrhal nephritis in the cortical substance many tubules are 
destroyed, and that their epithelia, after a considerable increase of living 
matter, break dow 2 i into medullary corpuscles, from which a new formation of 
connective tissue subsequently arises. This destructive process in chronic 
catarrhal nephritis invades first — and in the highest degi’ee — the narrow 
tubules ninning in the medullary rays. By a swelling of the epithelia the 
calibers of the tubules are obliterated, the epithelia then break down and 
form rows of medullary corpuscles. A corresponding change takes place in 
the capillai’y blood-vessels in the neighborhood. These metamorphoses result 
in the formation of a tissue, which, from the presence of basis-substance, 
must be regarded as connective tissue, thoiigh it rarely becomes fibrous, and 
the vascular supply is always scanty. If a 7iumber of tubules iu the medullary 
rays are involved in this destructive process, the surface of the kidney corre- 
sponding to them will be retracted by the cicatricial tissue. 

The obliteration of a number of the narrow tubules, ineludiug the ascend- 
ing and descending branches, would explain the clinical fact that persons 
affected with cirrhosis void large quantities of urine almost destitute of salts. 
We know, from the results of Bowman’s investigations, which have recently 
been corroborated by R. Heidenhain, that the tuft excretes water only, and 
this becomes thicker by the addition of the saline constituents excreted by 
the narrow tubules. It is in the narrow tubules that much of the watery part 
of the urine is restored to the thickened blood which runs in the neighbor- 
ing capillaries, including also the vasa recta of the pyramids. If the function 
of the tubules be much interfered with, the interchange between the liquid 
contents of the tubes and the solid constituents of the blood will not 
take place, and consequently the urine will be voided in about the same con- 
dition in which it was pressed into the capside from the tuft. Numbers of 
the convoluted tubules perish also through the increased formation of connec- 
tive tissue, while from others the epithelia are simply desquamated, and, 
together with pus-corpuscles, which are the offspring of epithelia, appear in 
the urine. Both the quantity and the character of the ui-ine, as well as its 
morphological elements visible under the microscope, enable us with cer- 
tainty to make a diagnosis of cirrhosis of the kidney. 

From the above description it is evident that interstitial and desquama- 
tive nephritis are concomitant features of chronic catarrhal nephritis, and 
that the latter expression includes the two formei*. 

In high degrees of cirrhosis many of the tufts are completely destroyed. 
I have been able to trace the changes by which the destruction is brought 
about. At first the tuft appears slightly enlarged and crowded with bodies 
having the appearance of nuclei, and which undoubtedly originated from 
the covering epithelia and from the endothelia of the capillary Avails. By 
this process the calibers of the vessels are obliterated, and all that remains 
of the former capillaries is a solid cord. Next the solidified capillaries break 
down into medullary or inflammatory corpuscles, and in this stage the tuft 
consists of an aggregation of inflammatory corpuscles. The capsule is usually 
considerably thickened, and between it and the inflammatory bodies no 
space can be recognized. In the succeeding stage the medullary corpuscles 
are transformed into homogeneous or faintly striated connective tissue 
containing only a very limited number of plastids. 

49 
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After passing through these changes the tuft is reduced to a half or a thii’d 
of its original size. The capillaries remain only as radiating strings, and 
these, with the altered capsule, admit the diagnosis of an atrophied and 
solidified tuft, which is often found to he in waxy degeneration. Sometimes 
around the atrophied tuft, consisting of a solid mass of connective tissue, a 
light space is observed, traversed by delicate fibers and remnants of the 
epithelia of the tuft and the capsule. This is a newly formed, probably 
myxomatous basis-substance, which is produced by medullary corpuscles, the 
offspring of the glomerular epithelia. (See Fig. 348.) 

In a more acute course of the disease, the tuft, together with the cap'sule 
and all the surrounding tissues, including interstitial connective tissue, blood- 
vessels, and convoluted tubiiles, break down into a mass of inflammatory 
corpuscles, resulting in an extensive new formation of connective tissue, or a 



Fig. 348. — Cirrhosis of the Kidney. Atrophied Tuft. 

T, tult, transfornieil into liDrous connective tissue ; M, remnants of epitlielia. of the tuft ; 
S, structureless, newly formed hasis-snbstance ; E, remnants of epithelia of the capsule ; 
C, considerably thickened capsule. Magnified 500 diameters. 

) 

formation of cysts. Apparently an already atrophied tuft may in an acute 
recurrence of nephritis break down into inflammatory corpuscles, and at last 
disappear entirely. From this description it is evident that the term “glom- 
erulo-nephritis,” introduced by Klebs, is superfluous, for the inflammatory 
changes of the tuft are invariably connected with general nephritis. 

I have also made examination of the changes which, in chronic catarrhal 
nephritis, take place in the arterial coats, and which result in the destruction 
of even large arterial vessels. (See Fig. 349.) 

The first thing noticed is that the lining endothelia of the artery are en- 
larged and coarsely granular, and that a proliferation of inflammatory corpus- 
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cles takes place, encroaching upon the caliber, rendering it irregular, as if 
compressed. Often, however, the narrowed lumen contains a finely granular 
or homogeneous mass, probably plasma of the blood. The spindles of the 
smooth muscle-fibers of the middle coat are transformed into inflammatory 
corpuscles. These bodies, at first, are not numerous, but, in more advanced 
stages, appear to compose the entire tissue, which still preserves a resem- 
blance to the original smooth muscle-structure. These characteristics are 
particularly well marked in transverse sections, where a decided increase in 
the circumference of the vessels is also noticed. Similar changes take place 
in the external coat, till finally the entire arterial wall is converted into a 
solid connective-tissue cord, which may, in places, still show faint traces of 
the former caliber. Cords of this kind, as a general thing, present the feat- 
ures of waxy degeneration. 

(2) Chronic Croupous NephrUis. The clinical features of this form of 
nephritis are somewhat different from those attending cirrhosis. 



Fig. 349 . — Cirrhosis op Kidney. Inflammation of an Artery. 

JS, eiidotlielia in active proliferation, the caliber considerably narrowed ; M, middle coat, 
the smooth muscles in part transformed into rows of inflammatory corpuscles; A, adventitial 
coat, crowded with inflammatory corpuscles, partlj*^ sprung from the capillaries of the adven- 
titia. Magnified 600 diameters. 

In chronic croupous nephritis symptoms of uremia are more common than 
in the cirrhotic form, and sudden death is much more frequent. The urine 
invariably contains casts and albumen ; the former are usually granular, and 
waxy or fatty if the corresponding changes have taken place in the diseased 
kidney. Hyaline, epithelial, arid blood casts may also appear in addition to 
those first enumerated, if an acute attack of inflammation is superadded to 
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the existing chronic affection. In persons dead of chronic croupous nephritis 
of long standing, the kidney is found to have an entirely different appearance 
from the cirrhotic kidney. It is more frequently enlarged than diminished in 
size. The surface is often nodulated, and between the nodules are seen deep 
cicatricial retractions. These retractions are never found uniformly over the 
surface. The capsule is adherent to the retractions. In transverse sections 
of a kidney of this kind we find that the cortical substance is absent in those 
parts corresponding with the retractions of the surface, while in other places 
the cortex may be unaltered, or even increased in bulk. The pyramidal sub- 
stance may be unchanged, or it may be diminished. In contradistinction to 
the more or less uniform shrinkage of the kidney — called cirrhotic — the par- 
tial destruction of the tissue which occurs in chronic croupous nephritis 
might be designated atroplitj ; for, under the microscope, we find in the most 
diseased portions only traces of the original kidney structure. 

Cysts are found to be larger and more numerous in kidneys affected with 
chronic croupoiis nephritis than in those which are contracted and reduced by 
ciri'hosis. Both fatty and waxy degeneration are met with in cirrhotic as well 
as in atrophied kidneys, but these changes are more extensive in the latter 
than in the former. In the so-called “ large, white kidney” the highest 
degrees of fatty degeneration occur as a secondary result of chronic croupous 
nephritis. The “ lardaeeous” change is also a secondary condition of this 
form of nephritis. 

In sections of the depressed cicatricial portions of the cortical substance 
of kidneys in chronic croupous nephritis, we find a large amount of connective 
tissue, which may be either homogeneoiis or fibrous, and which has only a 
scanty supply of blood-vessels. In the cirrhotic kidney the newdy formed 
connective tissue is more or less regularly distributed throughout the kidney 
structure. The uriniferous tubules are in part transformed into connective 
tissue, while still retaining the outlines of their original configuration. In 
atrophy of kidney, on the contrary, there is no regularity in the arrangement 
of the connective tissue, and we find only remnants of the former tubules. 
We further observe in these latter cases irregularly scattered sections of 
tubules, from which the epithelial lining has entirely disappeared. Other 
tubules, still recognizable by their sliape, are crowded with inflammatory 
bodies, which have evidently arisen from the tubular epithelia in the forma- 
tive stage of connective tissue. The connective tissue, more particularly in 
the subacute forms of croupous nephritis, is often observed to be filled with 
inflammatory corpuscles ; and in the midst of groups of these bodies of the 
ordinary color, and readily taking the carmine stain, we also find aggregations 
of corpuscles, light brown in color, and unaffected by the carmine. I ajn 
inclined to regard these formations as the offspring of the former epithelia of 
the tubules. (See Fig. 350.) 

Not infrequently, in the middle of these browmish clusters, hyaline easts 
may be found ; these probably originated in the convoluted tubules of the 
first order, and were too large to be carried through the narrow tubules. 
What the ultimate fate of these casts may be, we can only surmise. The 
tufts, as in cirrhosis, are reduced to a mass of medullary corpuscles, and a 
similar change takes place in the surrounding capsule. These facts lead to 
the conclusion that a destruction of the epithelial and vascular structures 
takes place, with the final result of a new formation of connective tissue. 

In the highest degrees of chronic croupoiis nephritis, in addition to the 
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atrophied portions we find districts where a considerable amonnt of connect- 
ive tissue has developed, thiis constituting a ti*ue hypertropluj, or hyperplasia. 
This tissue surrounds the tubules, which in a majority of cases are entirely 
without epithelia. The epithelia may have been carried away by simple des- 
quamation, or have perished in the formation of casts. In many of the narrow 
tubules, from which the epithelia have disappeared, we find a row of narrow 
endothelia, detached in places from the connective-tissue wall. A kidney of 
the above description may \^uth as much propriety be called hypertrophied 
as a lung ora glandular organ in a like condition. (See Fig. 3.51.) 

Concerning the formation of casts, my observations convince me that the 
epithelia lining the tubule, becoming saturated with the albuminous exudate, 
swell, grow pale, and finally produce the mass called a tubular cast. In many 
cases the cast has the appearance of having been constructed of a number of 
hyaline or granular lumps resembling former epithelia. Around the cast, at 



Fig. 350. — Atrophy of Kidney, after Croupous Nephritis. 

C, imlistiuctly fibious coiiiiectivo ti.ssue ; /, cluster of medullary corpuscles, sprung' fi'oiii 
former tuliular epithelia ; T, tubule, deprived of its epithelia ; K, tubule, contaluiug a granu- 
lar cast. Magnified (!00 diameters. 

its place of origin, we almost invariably see a wreath of endothelia lying 
between it and the wall of the tube, imlieating that after the formation of the 
cast a reproduction of endothelia had taken place, or that they had been 
brought into view by the liquefaction of the hyaline, so-called basement-mem- 
brane. The presence of this endothelial wreath seems to be satisfactory 
proof that the cast was formed in the situation where we find it. If a cast 
is seen not quite filling the caliber of the tubule which is still lined with 
unchanged epithelia, the most reasonable presumption is that it has been 
transported to its present locality from a narrower part of the uriniferous 
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tubule, where it must have originated. The same may be said of easts found in 
tubules entirely stripped of epithelia, whose calibers are broader than the 
diameters of the casts. It cannot be denied that a mass closely resembling 
a hyaline east may be produced from endothelia ; for I have seen such irregu- 
lar, formations lying along the border of a tubule bounded toward the center 
of the caliber by a row of epithelia, which had been detached by the exudate 
and undergone no change. Formations of this kind are, however, very 
exceptional. 

In chronic croupous nephritis granular easts are commonly found to be 
more abundant than other varieties, the granules being probably due to a dis- 
integration of the ensheathing endothelia. Fatty and waxy casts are also 



Fig. 351.— Hypertrophy op Kidney, after Croupous 
Nephritis. 

C, granular cast, holding in its center waxy lumps ; E, endothelial lining of the tubule 
around the oast ; T, empty tubule ; I, interstitial connective tissue, with injected blood- 
vessels, holding a moderate number of inllanimatory corpuscles. Magnified 600 diameters. 

features of this form of nephritis ; these always indicate a similar meta- 
morphosis in the kidney-tissue itself. 

(3) In chronic siippnrative nephritis abscesses formed in the kidney may 
exceptionally lead to the production of a dense connective-tissue capsule — the 
“ pyogenous membrane” of writers — and pus, under these conditions, be- 
comes inspissated into a cheesy mass, which, by some, has been mistaken for 
tubercle. 

A formation of this kind may be termed a chronic abscess of the kidney. 
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and has nothing in common with tubercle, except that, the watery portions 
having been absorbed, the pus-corpuscles shrivel and become partly trans- 
formed into fat-granules. In the caseous and fatty degenerations of tubercle 
we observe an analogous result, the cause of these processes being identical 
— i, e., the absence of blood-vessels. 

Formation of Cysts. Pathologists hold widely differing views regarding the 
origin of cysts. Some claim that cysts arise from the distended capsules, 
entirely overlooking the fact that cysts are not infrequently found at the 
periphery of the kidney, where there are no tufts. Others believe that cysts 
start in an expanded tubule, without attempting to explain the process by 
which the tubule attains the size of a cyst. 

I have frequently observed tufts which were considerably reduced in size, 
while the space between them and the wall of the capsule was filled with a 
finely granular mass, evidently sero-albuminous in nature. The capsule was 
in no instance markedly distended, its diameter not noticeably exceeding that 
of the normal capsular space. Probably such a condition arose from a chok- 
ing of the uriniferous tubule, followed by a damming back into the capsule of 



Fig. 352. — Compressed Tuft in a Capsule, filled with Sero- 
albuminous Liquid.- Cirrhotic Kidney. 

T, conujressed tuft ; E, detached ei)itUelia of tlie tuft ; A, finely granular, sero-alhuminous 
liquid ; C, capsfxle of tuft, unchanged ; 0, interstitial, slightly cedematous connective tissue. 
Magnified 500 diametei's. 

the liquid excreted by the tuft. In consequence of the pressure of the accu- 
mulated liquid the tuft was compressed more and more, until finally its func- 
tion was abolished. I doubt if we have any good reason for terming such 
formations cysts. (See Fig. 352.) 

A more satisfactory explanation of the production of cysts is the follow- 
ing : The first thing noticed is an abundant formation of inflammatory cor- 
puscles in circumscribed districts of the kidney-tissue. These maybe situated 
in the cortex or in the pyramidal substance. Many of these corpuscles evi- 
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dently originated from tubular epitbelia. The second stage is characterized 
by the swelling of the inflammatory bodies, which afterward become pale, 
and, by a process of liquefaction or mucoid degeneration, are transformed 
into a hyaline, apparently structureless, mass. We very frequently And in 
this mass delicate granular fibers, which resemble those of myxomatous tis- 
sue. The new formation thus produced may, at the outset, be extremely 
small and irregularly bounded by unchanged medullary corpuscles. With 
the growth of the cyst more medullary bodies gradually become liquefied, 
till at length a cavity is established, containing a sero-albuminous fluid, and 
bounded by flattened, polyhedral medullary corpuscles, which, in this 
situation, might be designated endothelia. At the periphery a forma- 
tion of fibrous basis-substance takes place, with the production of a cap- 



Fig. :-55.‘1. — (Cystic Degeneration of the Kidney in Chronic 
Croupous Nephritis. 

/, mass of intlaiiiuiatory coriinscles : M, strings of a in3'Xoinatou8 connective ti.ssue trav- 
ersing cystic spaces, whicli are tilled with a scro-alhniniuons liquid ; C, fibrous connective 
tissue producing the wall of the cysts. Magniliod 600 diameters. 

sule — the cyst-wall proper. Cysts, therefore, are the products of secondary 
changes of medullary bodies which had their origin in kidney epithelia. 
(See Fig. 1153.) 

Fatty Dcfieneration. In all forms of chronic nephritis fat may appear in any 
of the constituent tissues of the kidney; more especially, however, in the 
epithelia and in the interstitial connective tissue. Fat-granules unquestion- 
ably originate from partililes of living matter, for in the epithelia we are 
able to recognize their connection by delicate filaments with the liioplasson 
reticulum. 
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In the connective tissue fat-granules are often observed in the basis-sub- 
stance, thus proving that the basis-substance is pervaded by living matter. 
In high degrees of fatty metamorphosis, which are observed in cirrhotic as 
well as in atrophied and hypertrophied kidneys after chronic croupous 
nephritis, the fat-granules coalesce and form globules which to a great 
extent replace the epithelia of the tiibules. Large fat-globules are also 
found in the interstitial connective tissue, which is under these circumstances 
always increased in bulk. (See Fig. 854.) 

Fatty easts, in all probability, originate from a disintegration of the endo- 
thelia, which had previously undergone a high degree of fatty change. In the 
same way can be explained the presence of the large amount of fat-granules 
and globules sometimes observed in the urine. This condition is always a 
satisfactory proof that a high degree of fatty degeneration has taken place in 
the kidneys. 

Waxy De(jenerati(»i. The epithelia of the tubules which have, in a measure, 
escaped the inflammatory action, may become the seat of waxy degeneration, 
when a similar condition has reached an advanced stage throughout the 



Fig. 354. — Fatty Degeneration of the Kidney in Chronic 
Croupous Nephritis. 


E, tubular ei)ithelia, coutainiug giaimles aud globule.s of fat ; E, fat-globules in the 
widened inter.stitial connective tbssue ; B, capillary blood-vessel. Magniiied 600 di.aiueters. 

kidney-tissue. These epithelia sometimes assume the appearance of large, 
glistening bodies projecting irregularly toward the center of the caliber of 
the tube. Wlien desquamated they are seen in the urine as more or less shin- 
ing, homogeneous bodies, and readily recognized as waxy. 

In chronic croupous nephritis, waxy casts are sometimes observed studded 
with waxy epithelia, or with granules, producing the epithelial or granular 
waxy easts. The formations of waxy casts in the tubules may be easily 
traced from the epithelia, which are changed into waxy globules, in part 
homogeneous and in part granular, and which by coalescence evidently form 
waxy casts. Around these casts a wreath of endothelia, also in waxy degen- 
eration, may be recognized. (See Fig. 355.) 
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I have often found the connective tissue, both in chronic catarrhal and 
in chronic croupous nephritis, the seat of waxy degeneration, but, as before 
stated, the highest degrees of this change are unquestionably observed in 
chronic croupous nephritis. Simultaneously with the changes above 
described, the walls of the blood-vessels in the connective tissue also under- 
go waxy degeneration. I have occasionally seen specimens in which the 
capillary coat was broadened and exhibited marked signs of waxy degenera- 
tion, even before the arterial walls were affected. The more common occur- 
rence, however, is for the middle coat of the artery to give the first indica- 
tions of the invasion of this metamorphosis, a characteristic which is the 
rule in waxy degeneration of the spleen. 

The tufts are also very frequently involved in the waxy metamorphosis, 
and I have hardly seen a case of atrophy or cirrhosis without a waxy change 



Fig. 355 . — Waxy Degeneration of the Kidney in Chronic 
Croupous Nephritis ; Formation of a Waxy Cast. 

W, sliinmg, waxy lumps in the caliber of the tubule ; L, epithelia auil entlothelia of the 
tubule, partly in waxj^ change ; Jl, unchanged tubular epithelia; I, interstitial connective 
tissue. Magnified 600 diameters. 

of the tufts more or less marked. The tuft may, at the same time,be con- 
siderably enlarged, or it may show no increase in size. It is far more com- 
mon, however, to find the tuft atrophied and solidified, the calibers of the 
capillary vessels obliterated, when invaded by the waxy degeneration. 

I have occasionally noticed in the veins, clots which were composed of 
highly refracting globules, some of which exceeded the size of red blood- 
corpuscles, each showing a central depression, and suggesting the idea that 
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wavy degeneration of the red corpuscles had taken place. In the connective 
tissue I have seen, though very rarely, clusters presenting the appearance 
above described, which, perhaps, might be considered waxy degeneration of 
extravasated blood. 

In the course of my researches I studied sixteen kidneys, five of which 
were affected with chronic catarrhal nephritis, and eleven with chronic croup- 
ous nephritis, and the conclusions arrived at were the following : 

First. Chronic catarrhal nephritis induces a new formation of connective tissue 
throufjhout the kidney, lohich tissue is formed at the expense of the uriniferovs 
tubules. The surface of the kidney is marked by shallow depressions, or by gran- 
ulations, more or less uniformly distributed. Chronic catarrhal nephritisinvaria- 
bly leads to a shrinkage of the kidney — cirrhosis. 

Second. Chronic croupous nephritis may result in atrojdiy of circumscribed 
portions of the kidney, with more or less destruction of the epithelial formations of 
the affected parts. The surface of the kidney shows deep retractions, between 
which the cortical substance remains comparatively unchanged. Chronic croupous 
nephritis may also terminate in hypertrophy of the kidney, with an increase of its 
bulk. This increase is due to an augmentation of the interstitial connective tissue, 
which, as a rule, is accompanied by a narrowing of the tubules, and an almost 
complete destruction and desepiamation of the epithelia. 

Third. Suxypurative nephritis may become chronic with an encap>sulation of 
the abscess, followed by a caseous metamotphosis of the pus. 

Fourth. Cystic degeneration may occur both in chronic catarrhal and chronic 
croupous nephritis. Cysts are formed by a mucoid degeneration and liquefaction 
of inflammatory corpuscles which are the products of former epithelial bodies. In 
the early stages of cyst-formation the cavity is traversed by myxomatous tissue and 
irregularly bounded by inflammatory corpuscles. In completed cysts a sero- 
albuminous liqtdd is found, and the capsule is lined by a layer of flat endothelia. 
Neither the capsule of the tuft nor the uriniferous tubules participate directly in 
the formation of cysts. 

Fifth. Fatty degeneration occurs both in chronic catarrhal and chronic croupous 
nephritis, reaching the highest degree, however, in the latter form of disease. It 
consists of a transformation of bioplasson-granules into fat-granules both within 
the epithelia and in the connective tissue. In high degrees of degenerative change 
the fat-grantdes fuse together and form globules, ivhicJh are often arranged in 
clusters. 

Sixth. Waxy degenera tion is a feature common to all forms of chronic nephritis. 
It invades the epithelia and ultimately produces waxy casts. In many instances, 
connective tissue, capillaries, tufts, and arteries are all involved in the process. 
Atrophied tufts are almost invariably the seat of waxy degeneration. 

(2) The caMces., the jielt'is, and the ureter are constructed after 
the manner of all mucous membranes. The most internal layer 
is fibrous connective tissue, covered by stratified epithelia ; the 
middle layers are composed of smooth muscle-fibers, and the 
outermost layer is of loose, fibrous connective tissue. The mu- 
cosa is made up of dense connective tissue, immediately below 
the epithelial lining, and of delicate, loose connective tissue close 
above the muscle-layers. The latter arrangement allows the for- 
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mation of large folds of the mucosa, which occlude the caliber of 
all the above-named hollow formations when at rest. The cover- 
ing epithelium is stratified, and composed of a limited amount of 
the columnar, cuboidal, and flat varieties, the latter having often 
a caudate appearance — h e., supplied with a number of offshoots 
penetrating between the epithelia of the next deeper layer. Race- 
mose, mucous glands are said to occur in the mucosa of the pel- 
vis, but are absent from the mucosa of the ureter. (See Fig. 
356.) 



Fig. 35 ( 3 . — Calyx of the Kidney of a Dog. 

A’, stratified eintliella ; OT, coimective tissue. MaKiiifled 600 diameters. 

The muscle produces at least two layers — an inner longitu- 
dinal, which is most developed, and an outer circular layer. The 
circular muscle-fibers are the only ones remaining at the points 
of attachment of the calyx to the circumference of the papilla of 
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the pyramidal substance (Henle). Outside the circular layer, 
again, a varying number of longitudinal bundles are found, all 
being freely connected with each other by oblique bundles, and 
having marked septa of a fibrous perimysium. 

(3) The urinary hladder is, in all essential parts, identical with 
the ureters ; but its muscle-layers are very broad, and arranged 
like a complex hurdle-work. The inner and outer layers take a pre- 
vailing longitudinal course ; the middle layers run mostly in a 
circular direction. The longitudinal bundles are more marked 
in the main walls of the bladder, while the circular fibers prevail 
at the place of transition into the ureters and the urethra, pro- 
ducing the internal sphincter muscle. These fibers are also well 
developed in the mucosa between the two orifices of the ureters 
— the trigonum. The diameter of the walls of the bladder varies 
from two to fifteen mm., according to its conditions of contrac- 
tion and extension. The arteries enter the posterior wall of the 
bladder, and are traceable through the muscle-coat into the 
mucous layer, where they break up into a rich capillary plexus. 
The nerves are most numerous in the lowest portion of the blad- 
der — the so-called neck. 

(4) The urethra is a prolongation of the bladder, and presents 
a structure similar to that of the bladder in the female ; while 
the male urethra, being a canal common to the urinary and the 
genital tract, is of a more complicated character. 

The female urethra is lined with stratified epithelium; its 
mucosa holds a few i-acemose mucous glands ; its muscle-layers 
consist of an inner longitudinal and an outer circular — the smooth 
fibers of the latter blending, at the periphery of the urethra, with 
the striated muscle-fibers. 

The }yiaJe urethra has a stratified epithelium. It is maintained 
by some authors that, in the whole cavernous and in a large part 
of the membranous portion, there is but one layer of columnar 
epithelia. As to the different portions of the urethra, the nature 
of the covering epithelium requires more exact studies than have 
yet been made up to the present time, and it is quite possible 
that there are individual as well as local differences. The epithe- 
lial prolongations, in the form of racemose mucous glands (so- 
called Littre’s glands), are quite numerous along the mucosa of 
the urethra, more particularly along the posterior wall. These 
often exhibit very long and winding ducts, and but few acini ; 
the duets sometimes open into larger, funnel-shaped pits at the 
inner surface of the mucosa. The muscle-layer is double along 
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the urethra, the circular layer being most marked in the mem- 
branous portion, and freely connecting with the striped mnscles 
which surround this part. In the prostatic portion the longitu- 
dinal fibers are more developed — especially, it is maintained, in the. 
region of the colliculus seminalis. The cavernous portion has a 
limited amount of longitudinal and circular bundles of muscle- 
fibers. The veins of the urethra, according to Henle and C. 
Langer, produce a plexus in the submucous layer, which is very 
large, especially in the prostatic and membranous portions, and 
is distinctly marked, also, in the cavernous portion from the cav- 
ernous body of the urethra proper. The latter is composed of 
comparatively narrow venous spaces, inclosed by trabeculas of a 
fibrous connective tissue, which hold numerous small bundles of 
smooth muscle-fibers. At the periphery the cavernous body is 
insheathed by a layer of very dense, fibrous connective tissue — 
the tunica albuginea — which is also provided with bundles of 
smooth muscle-fibers, being mostly circular, and connected with 
those of the trabecuhn of the cavernous body. 


XX. 

THE URINE. 


M any hundred microscopic examinations of urine, made by 
the authority of the attending physicians of the patients, 
and further corroborated by post-mortem examinations, have 
enabled me to reach a certain degree of positiveness in the diag- 
nosis of the diseases of the genito-urinary tract. As perfection 
in any department is reached only after a great deal of practice, 
the microscopic analysis of the urine also requires a thorough 
study, which, however, is greatly facilitated by the guidance of a 
reliable and experienced teacher. 

I have published a part of the results of my examinations of 
the urine with the microscope, in previous years.* In my con- 
viction, it is in vain to study the sediments of urine without a 
thorough knowledge of the minute anatomy of the kidneys, 
and in vain will any one endeavor to understand the kidneys 
without being thoroughly acquainted with their constituent 
tissues — connective tissue, blood-vessels, nerves, epithelia. The 
knowledge of the structure of the kidney involves the knowledge 
of the whole histology. 

Normal Urine. Normal urine is a yellowish, transparent liq- 
uid, of a peculiar odor, slightly acid, neutral, or slightly alkaline. 
The reaction depends greatly upon the food or medicines taken, 

* “The Aid which Medical Diagnosis receives from Recent Discoveries in 
Microscopy.” Archives of Medicine, Yebru-Avy, 1879. “Diagnosis of Vagi- 
nitis and Metritis, by Microscopic Examination of Urine.” “ Transact, of the 
New-York Patholog. Society.” The Medical Record, July, 1880. 
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and it is one of the many physiological puzzles why the kidnej^ 
epithelia produce, from the alkaline blood, acid urine. The spe- 
cific gravity varies between 1.015 and 1.022, which depends 
entirely upon the amount of liquid taken into the body and the 
nature of the food. The average amount, in twenty-four hours, 
is 1550 c. c. — the solid ingredients representing sixty to seventy 
grammes (925 to 1080 grains). 

The organic constituents of the normal urine, held in solution, 
are urea, uric acid, oxalic acid (bound to lime), hippuric acid, lac- 
tic acid, creatinine — the so-called extractive and coloring matters 
(xanthine, in dican) — and, according to Briicke, grape-sugar. The 
inorganic constituents are chloride of sodium, phosphate of soda, 
magnesia, and calearia ; sulphates of alkalies and ammonia salts 
(in the coloring matters). The gaseous constituents are carbonic 
acid, nitrogen, and oxygen. 

Normal urine is of watery consistence, foaming, if shaken, 
though the foam soon disappears when at rest. Sometimes the 
urine gives out a repulsive odor after standing for a short time ; 
it has a pleasant violet scent after the inhalations of turpentine, 
and a highly unpleasant odor after the eating of asparagus. 

If left at rest, normal urine exhibits a slight, cloudy sediment 
— more marked, as a general thing, in the urine of women. This 
consists of mucus, a few flat epithelia from the bladder or the 
vagina, and mucous corpuscles, which appear as finely granular 
(hydropic or swelled) plastids in a small number. This sediment 
commingles easily with the urine upon slightly shaking it. After 
sexual intercourse, both the male and female urine — the male, 
also, after a wet dream’’ — contain large numbers of spermato- 
zoids. Female urine, at the time of menstruation, contains a 
large amount of blood-corpuscles. As a matter of course, these 
constituents have no pathological significance. 

After standing for one or more days, fungi appear in the 
urine. The rapidity of their development depends upon the 
height of the temperature of the surrounding medium. In acid 
urine, especially oidium, the seed of mildew and afterward the 
mycelium of mildew, leptothrix, and bacteria, are found, which 
under these conditions grow very large, and, as a rule, are mo- 
tionless or moving slowly. Oidium varies in size from a small, 
homogeneous granule of high refracting power, to a globu- 
lar or ovoid body, surpassing in diameter considerably that of 
red blood-corpuscles. So far as I have seen, we have no reason 
to discriminate between “yeast-plant” (Saccharomyces urinm 
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eerevisiae, lactis, etc.) and oidium,” for they are identical in all 
essential features, as demonstrated by W. Hassloch (see page 40). 
Alkaline urine, or an originally acid urine which has become 
alkaline, under the above-named conditions develops micro- 
cocci, bacteria, and leptothrix, which are smaller and in more 
active motion the more alkalescent the urine becomes. Alkaline 
urine sometimes holds the so-called sarcina form, consisting of 
small granules grouped in rectangular lines ; this is kindred to 
oidium, and probably but one of the varieties in which mildew 
appears. 

Pathological Urine. In pathological conditions the urine may 
be passed as a cloudy liquid of a consistence more or less deviat- 
ing from that of water. The highest degrees of inspissation are 
reached in chronic cystitis, when the urine, being highly alkaline 
and decomposing in the bladder, appears as a viscid, stringy, 
muco-purulent mass, in which are found large quantities of pus- 
corpuscles and phosphates, has a repulsive ammoniacal smell, 
and exhibits varying numbers of (dustered micrococci ; a high 
degree of color is reached, without an increase of consistency, 
when biliary matters are present in the urine. Both color and 
consistency are considerably augmented when the urine is mixed 
with blood. 

A Jiiglily acid reaction is due to the presence of a pathologi- 
cal amount of urea and urate of soda, in fever urine; also to a 
red extractive matter (uro-erythrine). In many instances, espe- 
cially after abundant meat-eating and after intense bodily strain, 
and in slight disturbances, such as catarrhal inflammation of the 
mucosa of the respiratory tract, the mucosa of the stomach, and 
that of the intestine, in diarrhoea, the urine may be found laden 
with uric acid and urate of soda, which under such circumstances 
does not indicate a serious pathological condition.. Women, in the 
disturbances preceding menstruation, often void highly acid 
urine. This, upon passing through the urethra, produces a slight, 
burning sensation in the mucosa. 

Highly alkaline urine is voided by persons suffering from 
chronic cystitis, from chronic inflammation in any part of the 
body, especially in later stages of chronic encephalitis and 
myelitis. A transient, highly alkaline condition has no patholo- 
gical signiflcance ; but if this condition is lasting, it points to 
some serious ailment in the organism. I have several times 
observed highly alkaline urine, laden with phosphates, as a symp- 
tom preceding nephritis. 

50 
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The amomit of the urine is greater the more liquid is taken into the body r 
Lager-beer, for instance, yields excellent diuretic results. Necessarily such 
watery urine has a very low specific gravity. It is maintained that by profuse 
drinking of water also the sum total of the excreted salts is increased, and 
^‘hydropathic doctors” attribute their success in curing all sorts of diseases 
to the “washing out” of the body, especially of the kidneys. 'Bodily exer- 
cise — for instance, gymnastics — increases the quantity of the excreted salts, 
without any increase of the watery constituents of the urine. A great quan- 
tity of a watery urine is voided in cold weather, when the perspiratory 
secretion is reduced or suspended ; furthermore, certain alkaloids, such as 
those of laudanum, of coffee, tea, etc., stimulate the secretion of ui’ine. 
Nervous excitement, anxiety, fear, hard mental work, sexual excitement, 
hysteric “fits,” etc., produce the same effect. A very “nervous man” told 
me that he had to micturate quite frequently whenever he was about to 
write a “ serious letter.” 


The amount of urine is, though not constantly, increased in 
diabetes ; the color of diabetic urine is straw-yellow, its specific 
gravity reaches the highest point — i. e., 1.040; and so does the 
amount of the solid constituents, grape-sugar sometimes reach- 
ing two hundred grammes in twenty -four hours. 

The amount is considerably increased with a decrease of the 
solid constituents in cirrhosis of the kidneys. One of the most 
important clinical features of this disease is the constant voiding 
of large quantities of a watery, nearly colorless urine, almost 
completely destitute of salts. 

The amount of urine is considerably reduced in intense 
bodily strain, accompanied by free perspiration, often notwith- 
standing profuse drinking, and in the beginning and acme of all 
acute inflammatory diseases of the organs. 

Pathological constituents of the urine, variously combined 
with normal constituents, are, besides the before-mentioned 
grape-sugar and biliary matters, the following : albumen ; the 
epithelia of the bladder in large quantities, and epithelia of the 
prostate, the pelves of the kidneys, and the kidneys ; in the 
female, besides epithelia of the vagina in larger quantities, those 
from the cervical portion of the uterus and from the mucosa of 
the uterus. Furthermore, blood, if not due to menstruation ; 
pus-corpuscles, leucine and tyrosine and cystine, oxalate and 
carbonate of lime in larger quantities ; fat-granules and fat-glob- 
ules, tubular casts, and shreds of connective tissue. 

Albumen is not always a pathological feature, since there 
are persons who, after heavy meals, void small amounts of 
albumen without exhibiting any symptoms of kidney disease. It 
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invaria'bly accompanies the severe forms of nephritis, and larger 
quantities of pns and blood in the urine. Albumen, on the con- 
trary, may be absent in grave cases of catarrhal nephritis and 
cirrhosis of the kidneys. In very rare cases of so-called chyluria, 
cloudy urine is secreted of a high specific gravity, so rich in 
albumen that it coagulates into a thick jelly upon being boiled. 
In addition to the albumen, which is always held in solution, 
unless acids be added or the urine boiled, numerous fat-granules 
are present in chyluria, which render the freshly passed urine 
opalescent. Lastly, a small number of plastids, of the aspect of 
lymph-corpuscles, may be found. The disease in most cases 
terminates fatally, and the kidneys, it is maintained by good 
pathologists, are found normal. 


Dctermiigition of the Specific Gravity. According to Hofmann andUltzmann, 
we ascertain the exact specific gravity by means of the urinometer, as fol- 
lows : Fill a standing glass cylinder fonr-fifths fnll of urine. The froth being 
removed by filtering-paper, the urinometer is placed in the urine, never being 
allowed to come in contact with tlie walls of the vessel. Bring the eye on a 
level with the surface of the urine, and read, the corresponding division of the 
urinometer, but not the upper rim of the flxiid raised a little by attraction. 
Touch the stem, causing the urinometer to sink slightly in the fluid, and, 
after it has come to rest, read again. In all such observations the urine 
should have a temperature of at least 62° F. (17° C.); otherwise consid- 
erable error may result. If the amount of urine is small, dilute with even 
three or four volumes of water ; test as directed, and multiply the number of 
the division mark by the number of volumes used for dilution. For example, 
if three volumes of water be added to one volume of urine, and we read 
1.008, to obtain the real specific gravity of the original fluid 1.008 is 
multiplied by l-f-3 = 4 (1.008x4 = 1.032). The solid materials, on which 
the specific gravity depends, which were dissolved in one volume, are, after 
the dilution, dissolved in four volumes ; the specific gravity is therefore only 
one-fourth of that of the original. By multiplying the decimal of the specific 
gravity by the coefficient of Hiiser (2.33) we have the result in grammes of 
the weight of solids contained in 1 000 c. c. of urine. Hence, if we have the 
entire amount passed in twenty-four hours, we can easily estimate the weight 
of solids of the whole. For examifie, we have 1500 c. c. passed in twenty- 
four hours, of specific gravity 1.020; to estimate the weight of solids in 
1 000 c. c. we multiply the decimal 20 — the last two figimes — by the coeffi- 
cient 2.33 (20X2.33=46.00), and the product, 46.60, is the weight in 
grammes of the solids in 1000 c. c. of the urine. Valuable conclusions may 
be drawn from the amount of solids and the specific gi’avity ; but each ease 
requires special consideration. For example, we may have to deal with dis- 
eased kidneys, the amount of urine being normal or diminished, of a low 
specific gravity. We may conclude, since urea composes nearly the half of 
the solid constituents, that urea has not been excreted in a sufficient quan- 
tity, and we may consequently expect urtemia very soon. 
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Chemical Tests. For practical purposes the chemical examina- 
tion of the urine is very simple. Quantitative analysis is of com- 
paratively small value, as all ingredients of the urine, at least 
after it has stood for a day or two, become visible with the 
microscope, and the amount of urea, which, as such, cannot be 
seen under the microscope, is in a constant proportion to the uric 
acid and its salts. It forms at least the half of all the organic 
constituents. 

The urine, as brought for examination, is either transparent 
or cloudy. After the sediment has been deposited, we pour a small 
portion from the upper parts of the liquid into a test-tube, im- 
material what reaction the urine may give, and boil it over a 
spirit-lamp. The results are as follows : 

(a) The urine is transparent, and by being boiled remains 
unchanged ; if a small sediment is present in the original fluid, 
this feature indicates normal urine. 

(h) The urine is transparent, but after boiling becomes 
cloudy. By adding a few drops of acetic acid, the urine clears up, 
and this shows an increased amount of phosphates j if efferves- 
cence occurs upon the addition of the acid, carbonate of lime or 
carbonate of ammonia is present. If the cloudiness remains after 
the addition of the acid, we know that albumen is present, and, if 
in large quantities, the urine is converted into a consistent, jelly- 
like mass, easily spattering during the process of boiling. From 
the sediment of the acidulated urine collected at the bottom of 
the test-tube, an approximative estimation of the amount of albu- 
men may be made. 

( c) The urine is cloudy, and by being boiled clears up entirely. 
This means an excess of the urates, especially of the urate of 
soda. 

( (1) The urine is cloudy and remains so after boiling, or 
increases in cloudiness. The same process must be resorted to 
as in case (c), with the same diagnosis. 

(e) The urine is cloudy and remains unchanged by boiling 
and by addition of acetic acid. This proves the presence of a large 
amount of the organisms of decomposition, micrococci, bacteria, 
and leptothrix in alkaline urine, and oidium or fully developed 
mildew in acid urine. 

An important chemical test is that for grape-sugar. Suspicion 
arises of its presence, when for some time a large quantity of a 
straw-yellow colored urine of a high specific gravity is passed. 
Small quantities of grape-sugar may be present temporarily and 
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without any of the named features. This form of diabetes has 
no clinical significance. Not any of the tests for sugar taken 
alone are entirely reliable, and for a thorough determination of 
its presence several methods must be resorted to. 

Tests for Siu/ar. (a) Moore\'< Test. Pour into a test-tube two volumes of 
ui-ine and one volume of hydrate of potassa, and heat to boiling. Phosphates, 
if precipitated in a larger quantity, mnst be filtered olf. When the fluid 
becomes hot, according to the amonnt of sugar present, a lemon-yellow, a 
yellowish-brown, or a blackish-brown color appears. By addition of a few 
drops of nitric acid the liquid loses its dark color and gives out an odor like 
molasses. The addition of KOH to cold urine may produce a dark color, which 
is diie to the* presence of coloring matters of the bile. 

(b) libttffcr’s Test. Pour into a test-tube two volumes of urine and one 
volume of KOH ; add subnitrate of bismuth in a quantity held by the point 
of a pen-knife and heat for a short time. If sugar is present, it reduces the 
bismutli salts to the black suboxide of bismuth. Small quantities of sugar 
will render the bismuth salts slightly gray. Albumen must be eliminated by 
boiling and filtration, if present in larger quantities. 

(c) Troiiimcr’s Test. Pour two volumes of urine into a test-tube, and add 
one volume of KOH or NaOH (solution 1:3); add, drop by drop, a solution 
of sulphate of copper (solution 1 : 10), and shake until the mixture shows a 
blue color. Heat the mixture, without boiliiig : if sugar is present, the 
copper-salt is reduced in such a way that at first yellow cuprous hydroxide, 
and afterward a red sediment of cuprous oxide is formed. Albumen, if 
present in large quantities, must be removed fii-st by coagulation and after- 
ward by filtration. The yellow color of the mixture alone indicates either a 
small quantity of sugar or au excess of urates. Mucus in large quantities 
also reduces the sulphate of copper in the same manner as sugar. If no 
sugar is present, tlie mixture assumes a dirty grayish-green, and no red j>re- 
cipitate appears at the bottom. 

(d) An approximate estimation of the amount of sugar present, which is 
not admissible by simply considering the specific gravity, may be made by 
the method of Vogel of boiling two volumes of urine with one volume of 
KOH. A one per cent, solution of sugar assumes a canary-yellow ; a two 
per cent, solution a dark amber ; a five per cent, solution a brown-red color, 
the liquid remaining transparent ; while a ten per cent, solutioii is rendered 
dark brown and opaque. 

(e) Roberts'’ FermeutaUoH Test. Into each of two bottles — one of four 
ounces, the other of twelve ounces capacity — four ounces of the urine are 
poured. A piece of fresh yeast, the size of a walnut, is added to the urine 
in the larger bottle, which is closed with a cork idcked for the escape of gas 
evolved by fermentation. The smaller bottle is tightly corked, and the two 
bottles are placed side by side in a uniform temperature of 68° to 75° F. 
At the end of twenty-four liours the subsidence and clearing off of the scum 
from the urine in the larger bottle will announce the completion of the fer- 
mentation. The specific gi-avity of each specimen is carefully taken by an 
accurate muuometer, when any dift'erence of specific gravity will indicate 
sugar, and the number of degrees of difference the nnmber of grains per fluid 
ounce. For example, if the specific gramty of the unfeianented urine is 
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1032, and that of the fermented nrine 1020, the urine contains twelve 
grains of sugar to the fluid ounce. This test, although not aecnrate to the 
smallest fraction of a grain, is clinically all that is needed for ordinary quan- 
titative work. 

(f) FeMin<]’s method is the most reliable for volumetric determination of 
the amount of sugar. Fehling’s solution contains in a volume of 1000 c. c. 
the following: 30.639 grammes of cupric sulphate, 173 grammes of pure 
crystalline tartrate of sodinm and potassinm, and 500 grammes of a solution 
of caustic soda of specific gravity 1.12. Of this solution 10 c. c. are reduced 
by 0.05 gramme of sugar. 

Microscopic Examination. The urine, in an amount of four 
to six ounces, is left at rest for at least six hours — still better for 
twelve hours — either in an ordinary bottle of white glass, or in a 
funnel-shaped champagne-glass. The sediment formed at the 
bottom of the vessel is the subject for microscopic analysis, after 
the transparent portion has been carefully decanted. We trans- 
fer a droplet to the slide by means of a camel-hair brush or a 
pipette ; the former answers all purposes if it is cleansed thor- 
oughly with water after each examination. To preserve urine, 
we use either simple glycerine mixed with the sediment, and left 
at rest in a broad, open vessel until the surplus water has evap- 
orated; or a small amount of alcohol can be added before the 
admixture of glycerine. Pus-corpuscles, epithelia, and casts are 
best preserved by adding to the whole amount of urine a few 
drops of chromic acid solution, enough to precipitate the albu- 
men and the other constituents. After several weeks the liquid 
may be decanted and a few drops of alcohol added to the sedi- 
ment, to prevent the growth of mildew. 

Before entering the study of urine, the extraneous matters must 
be well known. In Fig. 357 the most common are illustrated. 

Silk-fihers are homogeneous, moderately shining ; their cut 
ends are flattened by the blades of the scissors, and rendered 
slightly jagged. If woven, the single fibers assume wavy or 
spiral impressions from their neighbors, and under these con- 
ditions are also flattened. 

Linen-fibers are composed of smaller fibrillae and show trans- 
verse fractures or breaches, caused by the process of hatcheling. 
The finest fibriUae are broken off irregularly from the surface of 
the main fiber. 

Cotton-fihers are flat, wavy, and twisted, and are more com- 
pact along the edges than in the center ; the central portion may 
show irregular breaches, or it may be absent if the compact 
edges are pressed together. 
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Wool-fibers have serrated edges, corresponding to the edge 
of the covering imbricated scales of the cuticle ; the structure is 
faintly striated. Hairs of different animals have different forms ; 
the central medullary canal, as well as a varying amount of pig- 



S, silk fibers ; C, cotton fibei’s ; Z, linen fibers ; W, sheep’s wool ; Z', feather ; St, staroh- 
graimles of rice ; Cr, cork-i)artioles ; O, oidiuin, the seed of mildew ; M, mycelium of mildew ; 
il/c, micrococci ; bacteria; it, leptothrix. Magnified 500 diameters. 

ment, may be observed. If the cuticle is removed from sheep’s 
wool, it is termed shoddy. 
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Any of the above-named fibers may be found dyed in differ- 
ent colors. 

Feather appears in single barbules, or in the shape of branch- 
ing formations ; the ends of the barbules are whip-like, the size 
of the links gradually decreasing toward the terminations. Scales 
from the wings of insects are also found ; these are delicate, ser- 
rated plates, with a stem-like projection. 

Of cegetahle matters the most common are oidinni and myce- 
linm of mildew, bits of cork, charcoal particles, poUen of plants, 
mostly the seed of lycopodium (globular formations with a dis- 
tinct shell, studded with thorny projections), and particles of 
wood. Starch- grannies are very common in female urine, being 

used for powdering the genitals. In acid urine, motionless lep- 
tothrix and bacteria are found; in alkaline urine, micrococci, 
bacteria, and leptothrix in active motion. 

It must be known that flaws, which often present the shape of butterflies’ 
wings, scratches of the covering-glass, rust-particles in both the cover and 
the slide, often occur. A physician brought me a specimen of a worm-shaped 
mass of rust in the cover, which he mistook for an unknown parasite. He 
claimed having seen the parasite quite often, and I discovered that he had 
used the same cover for examination of the urine of a patient. 

Crystalline Sediments. The crystalline formations found in 
urine belong either to the group of acids and acid-salts, or to the 
groups of alkaline salts. The acid, sediments are uric acid, oxalate 
of lime, urate of soda (amorphous), and hippuric acid. The first 
three are very common sediments, while hippuric acid is rare. 
Still rarer are cystine and tyrosine, which also belong to this 
group. The alhaline sediments are urate of ammonia, triple phos- 
phates, calcium phosphates (which appear both as amorphous and 
crystalline sediment), and calcium carbonate (amorphous and 
crystalline). Magnesium phosphate is exceptional. 

(1) Uric acid, is a constant ingredient of the urine of carniv- 
ora. Its amount is greatly augmented by rich animal and veg- 
etable food, by acute febrile diseases, by impeded function of the 
heart, the lungs, the kidneys, the diaphragm, etc. It is decreased 
ill profuse secretion of urine, and in the later stages of nephritis, 
when the secretion of all salts is interfered with. It is also 
increased by bodily exercise. Its amount varies greatly at differ- 
ent times in the urine of the same person. 

Uric acid appears in lozenge-shape (rhomboidal prisms), with 
numerous variations, and has always a brown or red-brown color. 
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except when precipitated in very thin plates. It is often col- 
lected in star-shaped groups of varying sizes, and produces the 
so-called hrick-dnst sediment. In super-acid urine, which is 



U, common crystals ; t/', crystals from over-acid urine ; f/2, clusters (gravel) of uric acid 
from tlie pelvis of the kidney. Magnified 300 diameters. 

often combined with gouty and arthritic processes, or with the 
formation of uric acid concretions in the bladder, it appears in 
peculiar spear-, comb-, and brush-shapes. The 
concretions originating in the pelves of the kid- 
neys (so-called uric acid gravel) are comparatively 
large masses, composed of minute crystals of uric 
acid. (See Fig. 358.) 

(2) Oxalate of lime is frequently mixed with 
uric acid, and, if present in small quantities, has 
no pronounced significance. Oxalic acid, being 
a product of uric acid, has a special affinity for 
calcium, and appears in the sediment — often very 
late and only in the shape of oxalate of lime. In 
derangements of digestion (dyspepsia) and dis- 
turbances of the nervous system (“ nervousness,” 

“ neurasthenia,” etc.) its amount is greatly aug- 
mented. It appears in the form of quadrilateral 
octahedrons, with the characteristic letter-envel- 
ope-like line in front view, while in edge view 
the octahedral form is most marked. The refract- 
ing power of these crystals is very high, and they 
are without color. Their size varies from the smallest dot-like 
squares up to crystals of quite considerable size, which, however, 



Fig. 359.— Ox- 
alate OP Lime. 


O, ordinary crys- 
tals of vaiying sizes; 
01 , rare forms. Mag- 
nified 300 diame- 
ters. 
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are usually smaller than those of uric acid. Sometimes twin 
formations of octahedrons are observed. Very rarely it appears 
in the shape of concentrically striated disks or of dumb-bells. 
(See Fig. 359.) 

(3) Urate of soda appears in larger quantities under the same 
conditions as uric acid, with which it is combined, especially in 
febrile conditions. This salt produces the very common so-called 
clay-water sediment. It presents fine, amorphous granules of a 
dark brown color (very rarely colorless, and resembling coagu- 
lated albumen), in a moss-like arrangement. It adheres easily 
to foreign bodies (fibers) present in the vessel, and also to mucus 
and epithelia. When the urine after standing becomes alkaline. 



Fig. 360 .— 
Ubate op Soda. 

8, ordinary form ; 
/SI, rare form ; 8^, 
forms of transition 
of urate of soda into 
urate of ammonia. 
Magnifled .SOO diam- 
eters. 



AT, liippuric acid; C, cystine; L, leucine; T, 
tyrosine. Magnified 300 diameters. 


the granules appear in the shape of delicate dumb-bells and in- 
crease in size, both features being characteristic of urate of am- 
monia. Uric acid crystals, under the same conditions, break up 
into clusters of brown globules, which for a while still retain 
the original lozenge-shape. A rare form of urate of soda is that 
of needles arranged like sheaves of wheat (Ultzmann). (See 
Fig. 360.) 

(4) Hippuric acid is of common occurrence in herbivorous 
animals, especially in the urine of horses ; while in the urine of 
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man it is very rare, and mostly observed after administration 
of benzoic acid preparations, and sometimes also in diabetes. 
(See Fig. 361). 

Cystine is a rare sediment, which sometimes produces concretions in the 
bladder; it consists of hexagonal, colorless plates, which in side view show 
(one) perfect facet, and (two) imperfect neighboring edge-facets. It is readily 
soluble in ammonia, which is one of the features distinguishing it from uric 
acid. In certain families it is said to be of regular occurrence in the urine. 
(See Fig. 361.) 

Tyrosine appears in the form of needle-shaped crystals, grouped in clusters 
or sheaves, crossing at various angles. It is usually accompanied with 
leucine, which resembles flat, colored drops of fat of a large size, with delicate 
radiating and concentric striations, but is insoluble in ether. These rare 
sediments are observed in cirrhosis and yellow atrophy of the liver, and in 
cases of phosphorus-poisoning. (Bee Fig. 361.) 


(5) Urate of ammonia is found in fresh urine only when 
passed in a decomposed and markedly alkaline condition, such as 
occurs in chronic catarrhal cystitis. In alkahne 

urine this is a very common sediment in con- 
nection with triple and simple phosphates. It 
appears as brown globules of varying sizes, 
exhibiting faint concentric and radiating stria- 
tions. The globules may appear single or in 
clusters of several coalesced spheres, either 
smooth or provided with thorny, sometimes 
branching and curved offshoots — the so-called 
thorn-apple shape. (See Fig. 362.) 

(6) Triple phosphates (combined ammonium 
and magnesium phosphates) appear as colorless, 
highly refracting, rhomboidal crystals, varying 
greatly in size. If incompletely developed, they 
represent thin plates or cross-like formations 
without facets. In normal urine they are found 
only in small quantity, but are considerably 
increased in chronic inflammatory processes, 
also in so-called rheumatic and arthritic diseases, and in osteitis. 
They easily dissolve by the addition of an acid. (See Fig. 363.) 

(7) Simple phosphates (calcium and magnesium phosphates) 
appear in alkaline urine in the form of amorphous, highly refract- 
ing granules, without color, and usually clustered together, occa- 
sionally in a moss-like arrangement, or in the shape of rosettes, 
composed of pointed spiculas, the points of which are united at 
the center of the rosette, while each spicula may have a uniform 



Fig. 362. — Urate 
OF Ammonia. 

Dark krowu globules. . 
Magnitied 300 diame- 
ters. 
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diameter or be broadened toward the periphery of the rosette. 
All these formations are highly refracting and colorless. Their sig- 
nificance is the same as that of triple phosphates. (See Fig. 364.) 

(8) Calcium carhonate is the most common sediment in the 
nrine of herbivorous animals, and the turbidity of their nrine is 

due to its presence. In man 
this salt is of infrequent oc- 
currence — appearing, together 
with the phosphates, in the 
shape of fine grannies or dumb- 
bells. It is observed, in com- 
bination with magnesium salts,, 
as delicate prisms. It appears 
mainly in inflammatory and 
(Marions processes of the bony 
system. The addition of acid 
produces an effervescence of 
this salt, as well as of ammo- 
nium carbonate. (See Fig. 364.)* 

^Iagnemu)u phosphate is observed 
in urine after the internal use of the 
fixed alkali-carbonates, sncli as are 
field in solution by many mineral' 
waters. It produces elongated quad- 
rilateral plates. 

Mkcuh occurs in varying 
(jnantities in normal nrine, 
It appears as finely striated,, 
scarcely perceptible strings, l)eing a physiological product of 
the epithelia. Slight irritation of the mucosa by acid nrine 
laden with uric atfid and urate of soda, increases the amount 
of mucus, and, the urates being precipitated on it, the stringy 
masses become more easily perceptible. They may be mis- 
taken for casts, as they bear some resemblance to them. Mncns- 
(forpuscles, togethei* with minnis-strings, are also observed,, 
having the character of finely granular, sometimes nucleated, 
plastids. If sperm is admixed with the urine, its mncons con- 
stituent appears as pale, caky masses, entangled with spermato- 
zoids. In chronic catarrhal infiammation of the mmfosa of the 
urethra, the mncns-strings, voided from the ducts of the mu-- 
cons glands, are very large, cylindrical, and twisted ; they often 
are percexitible to the naked eye. The mucus secreted by the pros- 



P, perfectly ilovelopert ciy.^itals; 7’>, irajtei'- 
fectly (tevelopetl crystals. Majinitied .*?()() 
diameters. 


more especially in the female. 
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tate gland during sexual excitement contains nnmerons nincus- 
(mrpnscles, which, when originating from the columnar epithelia 
of ducts, are in part elongated. Mucus appears also as delicate, 
striated, and fringy cylinders, the so-called mucous casts ; ” it 
is doubtful, however, whether they are ever produced in the 
nriniferons tubules. 

Sometimes pale concentric formations are found in the male 
urine, which are so-called colloid or amyloid corpuscles of the 
prostate gland (prostatic concre- 
tions). Their number seems to 
be augmented mainly in hyper- 
trophy of this gland. 

Fus-cotjmscles always indi- 
cate an inflammation along the 
genito-nrinary tract. Their ori- 
gin was dwelt upon in the chap- 
ter on “inflammation” ; here I 
wish merely to repeat that a 
large number of pus-corpuscles 
arise directly from the epithelia, 
by endogenous new formation 
of living matter. The pns-coi’- 
puseles are the best material for 
determining the general con- 
stitution of the patient, his 
chances for recovery, or the 
probable duration of his life 
(see page 62, Fig. 20). The 
presence of pus-corpuscles of 
the series P exclusively indi- 
cates a broken-down constitu- 
tion, and the rapidly approaching death of the patient. Pus-corpus- 
cles in freshly passed urine exhibit active amoeboid form-changes, 
which may be observed exceptionally, even twenty-four hours 
after the urine has been passed. Pns-corpnscles, with delicate, 
hair-like prolongations (cilia), arise from the ciliated, columnar 
epithelia of the uterus; in freshly passed urine the cilia may show 
waving motions. Care must be taken not to mistake the cilia 
for bacteria adhering to the surface of the pus-corpuscles, and 
also exhibiting oscillatory movements. 

In very dilute or highly alkaline urine, pus-corpuscles swell 
and assume a large, globidar shape, the central portion being 



Fig. 


;}G4. — Simple Phosphates and 
Carbonate op Limp. 


A, aniorplious simple phosphates ; S, star- 
sliaped simple pliosphates ; 0, amoi'ithous car- 
bonate of lime; iir, combination of carbonate 
of lime with magnesium salts. Magnified 300 
diameters. 
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occupied by the nucleus, while the peripheral portions show 
only a small number of granules. In highly ammoniacal urine, 
voided in chronic catarrhal cystitis, the pus-corpuscles, when 
present in a large quantity, by bursting and coalescence produce 
a sticky, slimy mass, which can be transferred to the slide only 
in coherent, jelly-like lumps. Upon evaporation of the specimen 
of urine kept on the slide, the pus-corpuscles present variously 
jagged forms, which should not be mistaken for the result of 
amoeboid motion. 

In chronic catarrhal cystitis, pus-corpuscles from pigmented 
epithelia of the bladder, to the presence of which is due the slate 
color of the mucosa, also exhibit a varying amount of dark 
brown pigment-granules. Pigmented pus-corpuscles at once 
justify the diagnosis of chronic catarrhal cystitis. 

Pus-corpuscles which have arisen from epithelia of the pelves 
of the kidneys, or from those of the uriniferous tubules, some- 
times contain delicate red-brown crystals of hgeniatoidin. This 
indicates the presence of h8ematoidin in the epithelia, caused "^y 
a previous ha3inorrhage. In recent haemorrhage the pus-cor- 
puscles may have a, uniform yellow color, due to imbibition of 
the coloring matter of the blood. 

Bed Mood-corpuscles are discoid bodies of a yellowish lu.ster, 
in the fresh condition, and often crenated. After standing for 
a few days, acid urine may have the same influence upon the 
blood-corpuscles as dilute solutions of bichromate of potash 
(see page 64), inasmuch as many blood-corpuscles appear granu- 
lar with low, and distinctly reticular with high powers. By the 
addition of a solution of chromic acid the same result may be 
obtained, though, as a rule, much less marked, and most of the 
red blood-corpuscles after treatment with chromic acid appear as 
pale, apparently structureless, double-contoured circles. 

Extravasated blood, if retained within the tissues, changes to 
licematoidin, which appears both in the shape of minute, oblong 
rhombs, and needle-shaped, sometimes stellate, crystals of a brill- 
iant red-brown color. Such crystals may be observed, as before 
mentioned, in the interior of pus-corpuscles. In a case of chronic 
abscess of the kidney I have seen large quantities of haematoidin 
admixed with the pus ,* the chronic condition could be diagnosed 
mainly from the presence of haematoidin. 

Shreds of connective tissue are of frequent occurrence in the 
sediment of urine. They are seen either as delicate bundles or 
as bulky shreds, containing, in the latter instance, a varying 
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number of plastids (connective-tissue corpuscles). Their presence 
may be due to haemorrhage, and, in this instance, they as a rule 
have a yellow tint from the coloring matter of the blood. Small 
shreds of bundles of connective tissue of a yellow color, if pres- 
ent with large quantities of blood-corpuscles and kidney epithe- 
lia, but without pus-corpuscles, indicate capillary haemorrhages 
in the kidney. Large shreds are present whenever an abscess 
has emptied into the urinary tract, or ulceration has taken place 
either in the urethra (in strictures), in the bladder, or in the pel- 
ves of the kidneys. The accompanying epithelia enable us to 
determine the seat of the idceration. Ulcers of the vagina, the 
cervical portion of the uterus, and its mucosa, may be diagnosed 
by the same means. When a papilloma is developed in the 
mucosa of the bladder, large shreds of connective tissue, contain- 
ing blood-vessels in formation or fully developed, are exception- 
ally voided with the urine. Occasionally these shreds assume the 
shape of coils. (See Fig. 365.) 

Shreds of eomieetive tissue have a higher refracting power than mucous 
strings, hut less than linen-fibers, and they cannot be mistaken for any of 
these formations. I have observed a large number of regular linen-fibers 
voided with the urine in a case in which external urethrotomy had some time 
previously been performed, and the surgeon had accidentally left a plug of 
lint in the urethra, which probably had found its way into the bladder. 

Fat-granules and fat-glolmles are of very common occurrence 
in urine. The latter may be passed of quite a considerable size, 
and that such globules are really formed in the kidneys can be 
proved by direct observation (see page 777, Fig. 354). In many 
instances, however, fat is extraneous, due to impurity of the ves- 
sel or to the fat (oil, vaseline) nsed for lubrication of catheters 
and sounds, or the finger used- for exploration of the female gen- 
itals. Small fat-granules are invariably found accompanied by 
albumen, and, after precipitation of the latter by an acid, 
the bright, glistening granules of fat, clustered together and 
varying in size, are easily distinguished from the albumen, 
the granules of which are pale and of a uniform size. The pres- 
ence of fat-granules indicates fatty degeneration of the kidneys, 
and more certainly if fatty casts are also found. In this condi- 
tion often a few red blood-corpuscles and shreds of connective 
tissue are mixed with the sediment, caused, perhaps, by a certain 
brittleness of the walls of the capillaries. In chylous urine fat- 
granules are formed in connection with albumen, withont any 
kidney epithelia or pus-corpuscles. (See Fig. 365.) 
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Epitlielia. An acquaintance with the epithelia found in urine 
is of the greatest importance, since it is only by an accurate 
knowledge of the point from whence they come that we are 
able to obtain a diagnosis of the location of the morbid process. 
Most of the morbid processes occurring along the genito-urinary 
tract are inflammatory in nature, and marked by the presence 



Fig. 8G.5. — Vaeious Occukrences in the Sediment of Urine. 

1®^ M, luucus-tlireads ; 8, spermatozokls ; PC, iirostatic coucretions ; P, ciliated pus-corptiscles ; 
P>, pus-corpuscles, with pigment-granules ; P^, pus-corpuscles, with luematoidin-crystals ; B, 
red Wood-corpuscles; IT, hajmatoidin- crystals ; H, coagulated albumen; i>’, fat-granules ; Ci, 
shreds of connective tissue ; C 2 , debris of papilloma of the bladder. Magnified .'500 diameters. 

of pus-corpuscles in the urine ; where the inflammation is lo- 
cated can be determined only by the epithelia. When pus-cor- 
puscles are found unaccompanied by epithelia, which sometimes 
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■occurs, we are unable to decide where the morbid condition is 
situated. 

As a general thing, we know that in the male genito-nrinary 
tract the urethra, the bladder, the ureters, and the pelves of the 
kidneys have a lining of stratified epithelia ; while all glands in 
connection with the tract, the mucous glands, the prostate, and 
their ducts, including the ejaculatory ducts, have a single layer 
of epithelia. A single layer is present also throughout all the 
nriniferous tn])ules. The largest epithelia are found in the 
urethra ; next in size are those of the bladder, then follow the 
epithelia of the pelves of the kidneys, and the smallest epithelia 
come from the kidneys proper. It is maintained that the epithelia 
of the bladder, of the ureters, and of the pelves of the kidneys, 
are identical in size and shape. By scraping off the epithelia of 
the above-named organs, this idea appears correct ; but, if we 
study the epithelia in situ, we arrive at the conviction that the 
epithelia, upon approaching the kidneys, very gradually decrease 
in size from without inward. Middle-sized epithelia of the bladder 
are identical with the largest pelvic epithelia, and, therefore, are 
of no value for diagnosis, while the average epithelia of the pelves 
are distinctly smaller than those of the bladder. The caudate, 
double caudate, and lenticular forms of epithelia are far more 
prevalent in the pelves and calices than in the bladder, and well 
adapted, therefore, for a diagnosis of pyelitis. 

In the female genito-iirinary tract, the epithelia of the vagina, 
the cervical portion of the uterus, the urethra, bladder, ureters, and 
pelves, are stratified. The epithelia of the mucosa of the uterus 
are columnar and ciliated, forming a single layer ; the kidneys 
also show columnar, flat, and cuboidal epithelia in a single layer, 
the same as in the male. Plat and cuboidal epithelia of the 
kidney, in the urine of either sex, cannot be distinguished, but 
the columnar epithelia are distinctly marked formations. Besides, 
in either sex, flat, horny epithelia from the fingers and the external 
genitals may be found, having a jagged contour, a high refrac- 
tion, a homogeneous appearance, and no nucleus. They often 
are studded with particles of dust or granules of fat. Epidermal 
scales from the inner surface of the prepuce and that of the labia 
majora are paler, and often hold granules of fat (sebaceous 
material). 

The diagnostic value of the epithelia in urine, if mingled 
with pus-corpuscles, is as follows (see Fig. 366) : 

Male Urine. The largest flat epithelia from the urethra are 
51 
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occasionally seen, i. e., in the initial stage of catarrhal or blen- 
norrhoic inflammation ; the largest columnar epithelia from the 
urethra occur in deeply seated blennorrhoic inflammation and 
in idceration, which often lead to the formation of a stricture. 



B, Ijladdor-epitUelia from iipiier layers ; BM, Plaililer epitlielia from miildle layers ; BDr 
bladder epithelia from the deepest layei' ; P, prostatic epithelia ; E, epithelia from the- 
ejacnlatory ducts ; V, vaginal epithelia from upper layers ; VM, vaginal epithelia from 
middle laj'ers ; VB, vaginal epithelia from the deepest layer ; C, epithelia of the cervix uteri : 
U, epithelia of the mucosa of the uterus; PK, epitlielia from pelvis of the kidney; K^r- 
kidney epithelia from the convoluted tubules ; KS, kidney epithelia from the straight collect- 
ing tubules. Magnified 600 diameters. 
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Cuboidal epithelia, somewhat smaller than the average 
cnhoidal epithelia of the bladder, come from the prostate in 
catarrhal prostatitis and hypertrophy of* the prostate. Ciliated 
columnar epithelia, distinctly surpassing in size those from the 
mucosa of the uterus, indicate slight catarrhal inflammation of 
the ejaculatory ducts. They are rarely seen ciliated, as the cilia 
break off very easily ; but delicate parallel rods in the interior 
of the epithelia, near their basal surface, indicate that the 
epithelia were originally ciliated. 

Female Urine. The large, flat epithelia from the vagina are very 
common occurrences, and indicate catarrhal vaginitis ; they appear 
singly or in clusters, and are often studded with micrococci. The 
largest cuboidal and columnar epithelia from the vagina are ob- 
served in cases of intense, deeply seated, or ulcerative vaginitis. 

Flat and cuboidal epithelia, smaller in size than those of the 
vagina, and, as a rule, finely granular, often with offshoots, are 
shed from the cervical portion of the uterus. If present with 
pus- and blood-corpuscles and shreds of connective tissue, they 
indicate ulceration of the cervix. 

It must be borne in mind that cuboidal epithelia are originally angular, 
polyhedral formations, but, by swelling in the urine, assume a more or less 
regular — nay, perfectly spherical, form. The size of the spheres, however, is 
sufficient for a diagnosis of their previous location. If destined for micros- 
copic examination, care must be taken not to have male and female urine 
mixed, which might easily happen in mai’ried life. On account of such a 
mixture I once mistook the sex. In this case, besides vaginal epithelia, 
starch-granules were also present in large numbers. The gentleman denied 
the use of powder, and his clean mane afterward settled the question. 

I have seen prostatic epithelia of the male, and cervical epithelia of the 
female, of a higher refracting power, a nearly homogeneous, waxy look, with 
an indistinctly marked nucleus, in persons affected with syphilis. In a num- 
ber of cases, from these appearances I have correctly diagnosed syphilis ; 
but my experience in this respect is too limited yet for announcing that the 
waxy metamorphosis of the above-named epithelia is always due to syphilis. 
There may be other chronic ailments of the system, or of the organs from 
which the epithelia were cast off, producing the same appearance. 

Delicate cohimiiar, ciliated epitbelia arise from the mucosa 
of the uterus, and indicate catarrhal endometritis; these epi- 
thelia are found accompanied by ciliated pus-corpuscles, which 
arise from the epithelia. In freshly voided urine I have seen 
the cilia of both these formations in waving motion. 

Common to Both Sexes. Flat epithelia of the bladder, in 
small numbers and without pus-corpuscles, are of normal occur- 


804 


THE UBINE. 


rence in the nriiie. When present in a larger amonnt, together 
with pus-corpnseles and epithelia of the middle layers, exhibiting 
endogenous new formation of pns-corpnscles, they indicate acute 
catarrhal cystitis. The flat epithelia of the bladder may be 
found in clusters similar to those from the vagina 5 their size, 
however, is a sufficiently distinguishing feature. If the cuboidal 
epithelia largely outnumber the flat, or are scanty in comparison 
with tlie large amount of pns-corpnscles, the diagnosis of chronic 
cystitis is justified, and with greater certainty if some pns- 
corpnscles contain dark brown pigment-grannies. 

Caudate epithelia, somewhat smaller than those of the mid- 
dle layers of the bladder, originate from the pelves of the kidneys. 
They are sometimes combined with clusters of uric acid crystals, 
which, when present in freshly passed urine, indicate their origin 
in the pelvis. Not infrequently these are accompanied by a large 
number of red blood-corpuscles and shreds of connective tissue, 
caused by hfemorrhage and ulceration in the pelves. Pelvic 
epithelia are often found in connection with kidney epithelia 
(pyelo-nephritis). 

Small cuboidal and (columnar epithelia are shed from the 
uriniferous tubules of the kidneys. They invariably indicate 
catarrhal nephritis, when pus-corx)uscles are also present ; with 
pus-corpuscles and tube-casts, they prove the presence of croup- 
ous nephritis. Without kidney epithelia in the urine, nephritis 
cannot be diagnosticated ; these and the tube-casts are the only 
positive evidences of the presence of inflammation of the kid- 
neys. In very acute nephritis, clusters — nay, cast-like tubes 
of kidney epithelia, may be found in the urine. 

Tubular Casts. The most characteristic sign of croupous 
nephritis is the presence of tube-casts in the urine, and in my 
experience the easts are always indicative of the disease, and, 
with greater certainty, the larger the accompanying amount of 
the albumen. Reliable observers have seen easts without any 
albumen in the urine, and it has been asserted that mere hyper- 
temia of the kidneys may suffice to throw casts into the urine, 
without any evil consequences — for instance, after treatment 
with large doses of iodide of potash. The former assertion I can 
corroborate, the latter is not in concurrence with what I have 
seen ; the casts surely indicate nephritis, and the greater their 
number the more serious is the disease. 

We distinguish six varieties of tube-casts, viz.: hyaline, 
epithelial, blood, grannlar, fatty, and waxy casts. (See Figs. 367 
and 368.) Their diagnostic value is as follows : 
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The liyaline and epithelial casts — not the desquamated epi- 
thelial tubes, blit hyaline casts studded with epithelia — indicate 
acute croupous nephritis. They sometimes have a yellow color, 
and a slightly increased refracting power, owing to their imbibi- 
tion of the coloring matter of the blood. 

The blood-casts show hmmorrhage within the kidney; a larger 
number of such casts almost always foretells, more certainly in 



Fig. 307. — Varieties of Casts in Acute Croupous Nephritis. 


The series a shows casts from convoluted tubules of the second order ; the series b, casts 
from the narrow portion of the loop-tubules; the series c, casts from the .straight collecting 
tubules. J£, hyaline ca.sts ; J?, epithelial casts ; J?, blood-casts. IMagnitied 500 diameters. 

adults than in children, fatal termination in a short period of 
time. If blood-casts have been retained in the tubules for some 
time, the blood-corpuscles lose their shape, and the cast has the 
appearance of a dark red-brown, granular cluster. 

Granular, fatty, and ivaxy casts appear in the protracted, 
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chronic forms of croupous nephritis. The granular casts are 
probably due to the disintegration of the kidney epithelia and 
the lining endothelia ; they, however, are seen sometimes also in 
acute croupous nephritis — especially in children after scarlet 
fever and diphtheria. Fatty casts indicate fatty degeneration of 
the kidneys, secondary to croupous nephritis. In all these 



Fig. 368 . — Varieties op Casts in Chronic Croupous Nephritis. 

The series a sliows casts from convoluted tubules of the second order ; the series b, casts 
from the narrow portion of the loop-tubules ; the series c, casts from the straight collecting 
tubules. Cr, granular casts ; F, fatty casts ; W, waxy casts. Magnified 500 diameters. 

instances the substance of the cast is the same, and only the 
outer adhering formations give the difference in the appearance. 

Waxy casts are different in their chemical nature from hyaline 
casts, being characterized by a yellowish color, a great refracting 
power, wavy or fluted outlines, and a high degree of brittleness. 
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Such casts will not be seen — against the views of recent writers 
— unless waxy degeneration has been established in the kidneys. 

Sometimes hyaline and epithelial casts exhibit spiral wind- 
ings, probably from having originated in the spiral portion of 
the ascending branch of the loop-tubule. They have no special 
significance. 

Besides, a great prognostic value attaches to the size of the 
casts. As a matter of course, casts formed in the convoluted 
tubules of the first order will never appear in the urine, as they 
cannot pass the narrow tubules. The mildest degrees of the dis- 
ease are indicated by casts from the narrow tubules, the narrow- 
est casts, and a small number of casts from the convoluted 
tubules. Not infrequently we meet with pedunculated casts, 
viz. : formations from the place of transition of the narrow 
tubules into convoluted tubules of the second order. Casts from 
the convoluted tubules justify the diagnosis of croupous nephri- 
tis in the cortical substance ; casts of all the three sizes — the 
largest arising from the straight collecting tubules — permit of a 
conclusion of croupous nephritis in the whole organ, and upon 
this condition a very unfavorable prognosis can be established. 

Based on these simple facts, I was enabled to give a prognosis, even where 
no danger was suspected by the attending physician. Dr. X., a prominent 
practitioner, brought me some fresh urine passed by his son, six years old, 
who had just recovered from a slight diphtheritic attack of the throat. The 
question was, whether in the fresh urine there could be seen moving micro- 
cocci and bacteria. I really found these low organisms, but, besides, also 
numerous tube-casts of all the three sizes. I told the father that his son was 
in danger. He laughed at me, and asserted that there was nothing from the 
clinical stand-point to justify such an alarming diagnosis. This happened on 
a Sunday, and I did not hear of the child until the next Wednesday, when I 
was informed that the boy had died in an uraemic fit. The physician now 
began to believe in microscopy, and a year afterward brought me some urine 
of his wife, containing a moderate quantity of albumen. In this urine I found 
fatty casts from the convoluted tubules, and, as the gentleman wanted to have 
a prognosis, I told him that his wife could not live longer than one or two 
years. In this ease I was mistaken, as three months afterward the lady was 
carried away by uraemia. 

Stress must be laid on the general constitution of the patient, such 
as can be positively recognized by the appearance of the pus-corpuscles 
present. We can tell how much the constitution had been lowered by the 
disease, and, of course, the prognosis will be the more unfavorable the more 
living matter the patient has lost — the worse, therefore, his constitution is at 
the time of examination. 

Dr. R. E. Swinburne, in 1878, examined, in my laboratory, urine contain- 
ing numerous easts, and both kidney epithelia and pus-corpuscles having very 
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little Moplasson, indicated a completely broken-down constitution. He diag- 
nosed chronic croupous nephritis, and, when I inquired about the prognosis, 
he said, The cofi&n ought to be made for the man.” The next day the physi- 
cian came who had brought the urine for examination, and, when he learned 
the diagnosis and prognosis, exclaimed, “Why, the man died last night ;• 
the coffin is being made for him.” 

Among the formations due to the presence of entozoa in the 
genito-urinary tract deserve to he mentioned: IwoTclets of echino- 
cocci, which, in rare oases, have been observed in the urine, indica- 
tive of the presence of ruptured sacs of the echinoeoecns in the 
kidneys. Further, the ova of the distoma hcematoMum, or liil- 
harzia Jimmatohia, which are oval formations with a distinct 
shell and a short point at one pole. This entozoon lives in the 
veins of the prostate and the bladder, and by rupture of the 
vessels into the cavity of the bladder the ova are deposited in 
the urine. The disease occurs in North Africa only, and more 
especially in Egypt. I have, however, never seen formations of 
this kind myself. The trichomonas vaginalis, a ciliated animal- 
cule living in the mucus of the vagina, is sometimes seen in the 
urine. In a case that came under my observation, the physician 
suspected an ascaris Inmhricoides in the bladder of a child — the 
worm, as he supposed, having found its way through the urethra. 
Besides symptoms of acute cystitis, numerous dark brown gran- 
ules were observed under the microscope, which perhaps might 
have been the faeces of the worm. Further particulars of the 
case were not known. 

Diagnosis from Examination of Urine. Here I wish to briefly 
describe what, from my own observations, I have found to be 
correct. Whenever larger quantities of pus or blood are mixed 
with the urine, albumen is also present, and an approximate 
estimation must be made as to its amount, whether it is equal to 
that of the pus or blood present, or whether it exceeds the 
amount of the two latter. Expressions like “ false albuminuria,” 
or “pseudo-albumiiiuria,” used for such cases, should be avoided,. 
as no proper significance is attached to these terms. 

Urethritis may be diagnosticated in the initial stages by the 
large amount of flat urethral epithelia ; in later stages the pus- 
corpuscles are largely predominant, and cuboidal and columnar 
epithelia may also be seen. If long mucous cylinders are present, 
sometimes with knob-like terminations, which arise from the 
mucous glands of the urethra, the diagnosis gleet is justified. If, 
besides fiat epithelia of the urethra, columnar epithelia, blood- 
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corpuscles, and slireds of connective tissue are found, ulceration 
and stricture may be suspected, more particularly it, in addition 
to the above-named formations, epithelia of the prostate make- 
their appearance. 

Frostatitis, occurring in yonng men subject to intense sexual 
excitement, and often mistaken for spermatorrhoea, may be diag- 
nosticated by the presence of an increase of mucus, pus-cor- 
puscles, and prostatic epithelia. After involuntary emissions of 
semen, sperniatozoids are found in the urine. In all cases of so- 
called spermatorrhoea that have come under my observation,, 
prostatitis was found to exist. In one case, the urine that was 
first passed from the urethra proved to be purulent, while the 
later portions were transparent ; and many of the pus-corpuscles 
exhibited long cilia, as if a spermatozoid had been transformed 
into a pus-corpuscle. This feature rendered the diagnosis “ sup- 
purative inflammation of one vesicula spermatica ” highly prob- 
able, and was in accordance with the clinical facts. Prostatic epi- 
thelia and prostatic concretions, together with the characteristics 
of cystitis, allow the conclnsion. of hypertrophy of the prostate. 

Vagmitis is characterized by the presence of numerous vaginal 
epithelia, partly studded with micrococci and pus-corpuscles. 
The large cuboidal and columnar epithelia appear in the more 
intense degrees of vaginitis, and a large number of connective- 
tissue shreds are also found in ulcerative vaginitis. Mild forms 
of vaginitis are observed in almost all women suffering from 
endometritis, more particularly after the delivery of children.. 
Vaginal epithelia may be completely absent in the urine of small 
girls and virgin matrons. 

Cervicitis may be diagnosticated by the presence of cervical 
epithelia and pus-corpuscles ; ulcerative cervicitis is marked by 
the shreds of connective tissue, in addition to the usual epithelia 
and pus-corpuscles. 

Endometritis shows in the urine ciliated columnar epithelia of 
the mucosa of the uterus and ciliated pus-corpnscles arising from 
them. Ulcerations are marked by the presence of shreds of con- 
nective tissue and blood. How far the diagnosis of tumors of 
the uterus is admissible from the examination of nrine, I am 
unable to tell from my own experience. 

Cystitis may be recognized both in its acute and chronic 
stages. In acute cystitis the urine may be acid, containing a 
var3ung amount of pus-corpuscles and epithelia from upper and 
middle la5''ers of the bladder, the latter exhibiting the character- 
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istic features of endogenous new formation of pus-corpuscles. 
In subacute cystitis the features are similar. In chronic catarrhal 
cystitis the flat epithelia of the bladder are usually absent, and 
only those of the middle and deepest layer (cuboidal and colum- 
nar) found. In chronic cystitis the pus-corpuscles sometimes 
contain dark-brown granules of pigment. In the highest degrees 
of cystitis scarcely any epithelia are present, and only enormous 
quantities of pus-corpuscles, mostly swelled, hydropic and disin- 
tegrated, are to be seen. The urine being highly alkaline, the 
purulent sediment produces a jelly-like, viscid mass, in which, 
besides crystals of alkaline salts, clusters of micrococci are pres- 
ent. The presence of blood-corpuscles and shreds of connect- 
ive tissue, in addition to the other features, indicates ulcerative 
cystitis. Large quantities of blood may entirely conceal the 
original inflammatory trouble. 

Villous Tumors of the bladder yield large shreds of tissue, 
sometimes containing capillary blood-vessels choked with blood. 
Occasionally fibrinuria temporarily accompanies villous tumors. 
(Hofmann and Ultzmann). 

Pyelitis may be recognized by the presence of pelvic epithelia 
and pus-corpuscles. Epithelia from the pelvis of the Iddney and 
blood-corpuscles are found in pelvic haemorrhage. The urine in 
this affection is distinctly acid and laden with uric acid, which, as 
the so-called gravel, is observed in the freshly passed urine. 
Ulcerative pyelitis may be recognized by the additional presence 
of shreds of connective tissue. The pelvic epithelia being in fatty 
degeneration, chronic pyelitis may be recognized. 

Hmmorrh aye from the Iddney s is marked by the presence in the 
urine of kidney epithelia, red blood-corpuscles, and delicate 
shreds of connective tissue ; these are all of a yellow hue, from 
the coloring matter of the blood. 

The diagnosis of catarrhal nephritis may be made when pus- 
corpuscles and kidney epithelia are voided, the presence of col- 
umnar epithelia from the straight collecting tubules indicating 
an invasion of the pyramidal substance. In acute catarrhal 
nephritis both the kidney epithelia and pus-corpuscles are numer- 
ous ; albumen may be present in a varying quantity, but not 
infrequently it is absent during the whole course of the disease. 
Small numbers of hyaline casts, mainly from the narrow tubules, 
and red blood-corpuscles, at times accompany the previously 
named formations. 

In subacute catarrhal nephritis all features may at times be 
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absent, at other times present in varying numbers. In chronic 
catarrhal nephritis and its termination, the cirrhosis of the Md- 
neySy the patient voids large quantities of a pale, watery urine, in 
which few or no salts are to be found ; this condition will be more 
marked the farther the stage of shrinkage has advanced. Albu- 
men at times is present in small quantities, at times absent. The 
few kidney epithelia and pus-corpuscles are the only reliable 
features for diagnosis ; sometimes these are accompanied by small 
shreds of connective tissue. If the kidney epithelia and pus- 
corpuscles are finely gi’anular and disintegrated to any great 
extent, the approaching end of life may be foretold. 

Croupous Nephritis. All the features of catarrhal nephritis 
are present, with the addition of casts. The nature of the casts 
allows us to decide whether acute or chronic croupous nephritis is 
present. In both instances the amount of albumen is great, and is 
found to be still more abundant if blood is mixed with the urine. 
The amount of albumen, the number of the casts and their sizes, 
determine the intensity of the infiammatory process. The prog- 
nosis is more unfavorable in adults than in children. 

If casts characteristic of chronic croupous nephritis are 
mixed with casts such as we find in acute croupous nephritis, 
the diagnosis of a chronic infiamniation with acute recurrence, 
i. e., of subacute croupous nephritis, can be made. The presence 
of clusters of delicate fat-granules entangled with the albumen 
(if coagulated by the addition of chromic acid)^ indicates fatty 
degeneration of the kidney, the more certainly if fatty casts 
are also met with. Waxy degeneration can be diagnosticated 
both from the waxy metamorphosis of the shed-off kidney epi- 
thelia and the presence of waxy casts. Cases of the recovery 
of children even from such a disease are on record. In slowly 
running cases of chronic croupous nephritis the prognosis rests 
upon the general constitution of the patient, as determined mainly 
by the condition of the pus-corpuscles. 

Suppurative nephritis exhibits all the features of acute croup- 
ous nephritis, with the addition of very large quantities of pus- 
eorpuscles. A ruptured abscess of the kidney may be recognized 
if, besides numerous pus-corpuscles, numbers of kidney epithelia 
and shreds of connective tissue are also found. The presence of 
haematoidin crystals would point toward the chronic course of the 
abscess, which may have existed for some time previous to its 
evacuation, and which, after bursting, may, for weeks or months, 
continue discharging pus. 


XXI. 


THE MALE GENITAL TEACT. 


T he male genital organs are : first, the testes^ whieh are des- 
tined to produce the fructifying principle of reproduction, 
the semen or sperm' ; second, the vas deferens and seminiferous 
vesicles^ whose office is to carry and store it up ; and third, the 
penis, for transferring the spermatic fluid into the female genital 
organs. The prostatic and Cowper’s glands are accessory organs, 
which produce mucus mainly. The spermatozoids are the essen- 
tial fructifying element of semen. These are hioplasson forma- 
tions, varying greatly in size and shape in different animals. In 
man they are pin-shaped, with a thickened head and a thread-like 
tail, which at its point of attachment to the head is slightly 
conical, exhibiting either a pear-shaped, a knob-like, or a double 
lobate enlargement. The head is of a roundish, ovoid, or conical 
shape, the point representing the free proximal end. Their length 
Lj on an average 0.0040 mm. Sometimes the whole formation ap- 
pears homogeneous, and of a high luster. Sometimes a vacuole is 
observed in the head, and sometimes a delicate reticular struc- 
ture can be traced throughout the thickened portions. Sper- 
matozoids, when in a fresh condition, are in an active wind- 
ing or spiral motion, executed by the tail, through which motion 
the head is rotated with a boring movement, and at the same 
time the spermatozoid changes its place. This motion is favored 
by slightly alkaline media, dilute solutions of table-salt, and of 
phosphate of soda j acids, on the contrary, soon produce rest. 

Spermatozoids retain their shape after having lost their 
mobility for a long while, even after they have been allowed 
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to dry ; and they are peculiarly resistant to the action of acids 
and alkalies. In the vas deferens they are motionless, there 
being but little liquid present. Upon the admixture of mucus 
(from the prostate) the spermatozoids at once assume a high 
degree of activity. 

(1) The testes are compound tubular glands. The seminifer- 
ons tnbnles, originally very nnmerous, by repeated union become 
fewer, and at last collect into one large tubule — the vas deferens. 
The fibrous connective tissue coat, ensheathing the whole organ 
(tunica albuginea), sends prolongations carrying the blood-vessels 
between the tubuli ; broader septa of connective tissue are also 
present, producing an indistinctly lobular strnctureii] the testes; 



Fig. 369.— Testis of Adult. 


A, tuiiic.n albuginea ; F, blood-vessel; C, connective-tissue frame, carrying blood- ves.scls, 
and -B, I?, rows of coarsely granular plastids ; .ra, transverse section of seminiferous tubule ; 
OS, obli()ue section of seminiferous tubule. Magnified 200 diameters. 

at their upper posterior aspect, in the corpus Highmori, the septa 
are most developed and inclose sinnous spaces. The blood-vessels 
are most numerous in the inner portions of the albuginea ; its 
smooth, external surface is covered with flat endothelia, which 
continue into the so-called serous sheath of the testes. The con- 
nective tissue between the tubules, besides the ordinary connect- 
ive-tissue corpuscles, holds a varying number of coarsely granular 
plastids, which are often arranged in rows, exhibiting a brownish 
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color resembling tubular epitbelia. Their significance is not 
understood. (See Fig. 3G9.) 

The seminiferous tubules show three marked divisions, which 
are: the convoluted, the straight portion, and the rete testis. The 
convoluted tubules compose the main mass of the testis, and at 
the periphery unite and form a continuous closed net- work having 
a few offshoots with blind terminations (Mihalkovics.) By con- 
tinuous union at acute angles their number decreases toward the 
corpus Highmori ; they gradually become less convoluted, and 
continue until, with an abrupt narrowing, they pass into the 
straight portion. The caliber of the straight tubules is about 
one-third the size of the convoluted. These tubules are imbedded 
in a broad connective-tissue layer, and inosculate with the rete 
testis, which forms a dense, narrow, and sinuous net-work of 
tubules, occupying the spaces of the corpus Highmori. From 
this net- work arise the efferent vessels of the epididymis. 

The convoluted tubules have a lining of irregular cuboidal 
epithelia, arranged in several layers. The outermost layer is, as 
a rule, composed of coarsely granular elements, while the inner 
layers are in the condition of rest, either uniformly distributed 
or arranged in rows irregularly projecting toward the central 
caliber. In the condition of rest the caliber is found either 
empty or filled with an albuminous liquid, which, in specimens 
hardened in chromic acid, appears finely granular. In some 
tubules no trace of spermatozoids can be discerned; in others, 
especially in men who have died of chronic wasting diseases, 
the spermatozoids are scanty ; other tubules, on the contrary, 
are entirely filled with epithelia, and their offspring the sper- 
matozoids. In the rat^s testis, and in all animals during the 
rutting period, the spermatozoids are in most portions of the 
convoluted tubules so numerous that their tails fill the central 
caliber, showing a spiral, sheave-like arrangement. (See Fig. 
370.) 

The connective-tissue layer next to the epithelia (the mem- 
brana propria) is composed of a number of delicate strata, 
which, according to Mihalkovics, are composed of a number of 
closely packed, flat endotholia, their nuclei being traceable in a 
more or less homogeneous, elastic basis-substance. 

Regarding the formation of spermatozoids, the views of in- 
vestigators differ widely ; some claiming that only certain 
epithelia, the so-called spermatoblasts, participate in the forma- 
tion of the spermatozoids, while other epithelia produce mucus 
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only. My own observations prove that the radiating rows of 
epithelia coalesce into continuous masses, in the most peripheral 
portions of which the heads of the spermatozoids are produced, 
while the tails are formed by the more central parts. 

The steps in the formation of spermatozoids are as follows : 
The epithelia nearest the connective tissue become coarsely 
granular, and in part nucleated next we see enlarged epithelia, 
in which the bioplasson assumes irregular, rod-like forms, 
arranged without much regularity. Then follows a layer com- 
posed of coalesced epithelia, the bioplasson of which has grown 
into bulky formations, which are the heads of the spermatozoids, 
while the rods in the central portions of the rows become paral- 
lel, and coalesce to form the tails. Around the spermatozoids 
numbers of unchanged bioplasson-granules are seen, and the 



Fig. 370. — Testis of a Rat. 


C, coiinoctive-tissue slieatli, producing septa between tlie seminiferous tubules, in wliicli- 
course tlie blood-vessels F; K, rows of epitlielia of tlie seminiferous tiibules ; S, tails of sper- 
matozoids, filling tlie caliber of the tubule. Magnified 200 diameters. 

first-formed spermatozoids are studded with these granules. As 
the liquefaction of the unchanged bioplasson — i. e., the forma- 
tion of mucus — proceeds, the tails appear smooth and without 
any attached granules. Coarsely granular plastids, in limited 
numbers, are left unchanged, and mixed with the completed 
sperm, (See Fig. 371.) 

The epithelia of the straight seminiferous tubules are col- 
umnar; those of the plexus, within the corpus Highmori, are 
fiat. Neither of these take any part in the formation of sper- 
matozoids. 
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Blood-vessels are numerous in the testis, the capillaries pro- 
ducing a reticulum around the seminiferous tubules. A closed 
reticulum of Ij^mphatics, twining around the tubules, has been 
known since His, KoUiker, and others. 


The Terminations of the Nerves in the Testicle. 

By H. G. Beyer, M. D., M. K. C. S., Passed Assistant Surgeon, U. S. N.* 

The only observations on the terminations of the nerves within the semi- 
niferons tnbules at present on record, are those of Letzerieh.t He uses either 

fresh seminiferous tubules, or such 
as have been in a solution of very 
dilute chromic acid for the period 
of twenty-four hours ,* then he teases 
them out carefully with needles, 
and examines them under the mi- 
croscope. Under favorable cir- 
cumstances,” he finds that the 
nerves approach the membrana 
propria, perforate the same, and 
finally terminate in granular masses 
or knobs between the latter mem- 
brane and the first layer of cells. I 
must say that circumstances never 
favored me in finding the struct- 
ures pictured in the plates accom- 
panying his article. In this I have 
been no less unfortunate than Von 
La Valette St. George. + 

The methods of investigation 
followed out in my researches re- 
quire a brief notice. The testicles 
used were those of the dog, calf, 
mouse, rat, rooster, and man. Both 
teasing and section-cutting were 
pratieed ; the former method, how- 
ever, I found quite superfluous. 
The tissues from which the mate- 
rial for study was collected were 
both fresh and hardened, the hard- 
ening being done by alcohol, chro- 
mic or picric acid. The staining 
agents which I found of most ad- 
vantage were chloride of gold, osmie acid, picro-carmine, and eosin with 
logwood. For the study of the nerve-fibers outside the seminiferous tubules, 
and their plexuses around the tubules arising from the larger nerve-bundles 
which pass along the small arterioles, osmic acid and picro-carmine have, in 

* Printed in abstract from the autlior’s manuscript. t “ Vircliow’s Arcliiv,” Bd. 42. 

X “Strieker’s Handbook of Histology.” 



Fig. 371. — Testis op Eat. 

F, connective-tissue frame; E, irregular cu- 
hoidal epitlielia, with rod-like formations of hio- 
plassoii ; H, ei^ithelium, in which the rods iiave 
assumed the shape of heads of spermatozoids: 
8, spermatozoids sprung from coaiosced rows of 
epithelia, some of which have furnished the 
heads, others tlie tails, of tlie spermatozoids. 
Magnified 600 diameters. 
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my hands, given good results. I can also recommend eosin with logwood for 
the same purpose, as deserving a trial. 

The chloride of gold method is still the only available one for bringing out 
the ultimate nerve-terminations. Some of the most beautiful and convincing 
specimens in my possession are sections of the testicles of young rats, which 
were hardened in chromic acid and then stained with chloride of gold, in 
strict accordance with the rules laid down by Cohnheim. Such specimens 
will show improvement during the first twelve months. It was certainly 
a step in advance when Lowitt introduced his formic acid method, by which 
we are enabled to allow the reduction of gold to take place in a dark- 
ened bottle. This method, in some cases, gives better and more uniform 
results, and reduces the metallic precipitate, so often found on the surface of 
sections, to a minimum; but the destruction of the epithelia which this 
process entails is not in all cases desirable. 

In hardening, staining and preparing tissues generally, I have preferred to 
cutup the testicles into sections of from two to three millimeters in thickness, 
and, instead of the imbedding methods, I found it much more convenient to 
use the freezing microtome for fine sections. In so doing two things are 
avoided — viz. : shrinkage and the introduction of foreign material. 

Being obliged to use high powers for the recognition of the ultimate ter- 
mination of the axis-fibrillas, the thinnest sections were chosen and mounted in 
glycerine to which one-third of its volume of distilled water had been added. 
Specimens stained with osmic acid and picro-carmine can be advantageously 
treated after the plan proposed by E. Neumann, which is that of temporarily 
mounting in glycerine mixed with muriatic acid in the proportion of two hun- 
dred parts of the former to one of the latter, and carefully watching until the 
orange-red coloration has been reduced to the nucleus, then washing out 
thoroughly in distilled water. 

Anatomists agree that the nerves of the testicle are derived from the sym- 
pathetic. As long ago as 1834, Joseph Swan* gave a very good representation 
of the spermatic plexus of nerves. According to Kobert B. Todd,t the nerves 
of the testicle are derived chiefly from the renal plexus, but partly also from the 
superior mesenteric and aortic plexuses. These nerves then descend in com- 
pany with the spermatic artery to the cord, where, being joined by branches 
from the hypogastric plexus which passes along the vas deferens, they form to- 
gether the sperm-plexus. The branches of this plexus are intermingled with 
the vessels of the cord, and ultimately terminate within the substance of the 
testis. A few twigs may also be traced to the coverings of the gland. Sappey X 
recognizes two sources of nerve-supply, namely, one from the plexus accom- 
panying the spermatic artery, which, he says, alone penetrates into the sub- 
stance of the testis, and the other from the plexus surrounding the vas 
deferens, which, according to his view, terminates in the epididymis. 

In regard to the nerves running within the structure of the testis, I can 
corroborate the views above detailed, namely, that none but non-medullated 
nerve-fibers are found ; and I can add that their characteristic arrangement is 
in the shape of plexuses. These, when found in the neighborhood of the 
larger arterioles, are, of com’se, large in proportion. As they pass on, always 

* “A Demoustration of the Nerves of the Human Body,” Loniton, Plate V. 

t “ Cyclopedia of Anatomy and Physiology,” vol. iv., pt. 2, pp. 982. 

t “ Anatomie Descriptive,” tome 4, p. 614. 
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accompanying the blood-vessels, they, by division and frequent branching, 
become more numerous and very much smaller, until finally, after having 
reached the capillaries, they are extremely thin and transparent, and almost 
escape the observer’s eye in the fresh and unstained specimen. In success- 
ful sections, however, they can still be observed to preserve the plexiform 
arrangement. When found in the proximity of a seminiferous tubule, they 
are generally situated between a capillary and the basement-membrane. As- 
they penetrate this membrane, the nerve-fibers, still including several axis- 
cylinders, break up into their ultimate fibrillse, at first pass along between 
the several layers of endothelia of which the basement-membrane is composed, 
and, after having emerged from its inner wall, they, as it were, line its interior 
with a plexus consisting of the ultimate axis-fibrillee, being interrupted only by 
varionsly shaped bodies, most of which present a pyramidal shape. This plexns 
thus lining the inner surface of a seminiferous tubule is best observed in the 
testicles of animals in which the membrana propria is very thin and is com- 
posed of but one layer of endothelia, such as the mouse and the rat. From this 
plexus, best seen in gold preparations, viz. : longitudinal sections which have 
lost most of their epithelium, so as to expose the inner surface of the semi- 
niferous tubule, the axis-fibrilla3 pass upward at acute angles in a direction 
toward the center of the tubule. Between the epithelia superimposed upon 
the membrana propria, the fibrillge anastomose in every direction, and hold, 
so to say, the epithelia in a mesh-work. The best and most clearly defined 
pictures are represented in specimens of the testicle of the young rat. 

The cement-substance between the epithelia is the plan of the ultimate termina- 
tion of the axis-fibrilla in the testicle. 

I have never seen a nerve-fiber penetrate into the interior of an epithe- 
lium, although it might seem so when one of them crosses an epithelium and 
is interrupted in its course. 

The ultimate axis-fibrillas, having been traced traversing the cement- 
substance between the epithelia, and being connected with the filaments or 
prickles crossing them, we are at once in a position to understand how the func- 
tion of the epithelia within the seminiferous tubules — viz.: the production 
of spermatozoids — is under the dii’eet control of the sympathetic system. 

(2) The epididymis is composed of a single tubule with numer- 
ous convolutions, with which the seminiferous tubules unite after 
leaving the corpus Highmori, and producing the convoluted coni 
vasculosi. These tubules are now termed efferent. They all 
have a circular coat of smooth muscle-fibers, external to the mem- 
brana propria. The epithelia are columnar, ciliated, numerous 
smaller, wedged plastids being present between their pointed feet. 
Toward the cauda epididymidis the wall of the efferent vessel in- 
creases in thickness, and is supplied with longitudinal muscle- 
bundles. A delicate, adventitial connective tissue, rich in elastic 
fibers, supports the convolutions of the tubule of the epididymis, 
being rich in capillary blood- and lymph-vessels. These circulate 
through the adventitial coat, penetrate the muscle-layer, and pro- 
duce a terminal capillary plexus above the epithelia. 
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(3) The ms deferens has a broad wall, which is composed 
mainly of three layers of smooth muscle-fibers — an inner and 
outer longitudinal and a middle circular layer. (See Fig. 372.) 

The most internal mucous layer, when the tubule is empty, is 
arranged in folds, and covered with a single layer of columnar 
epithelia. The only vas deferens which I have examined exhib- 
ited ciliated columnar epithelium ; all authors claim, however, 
that cilia are not present. The bundles of the longitudinal mus- 
cle-layers are loosely arranged, and freely intermixed with 
fibrous connective tissue abundantly furnished with elastic fibers, 



Fig. 372 . — Vas Deferens. Transverse Section. 

E, folds of the mucosa, covered witli columuar ei)ithelia ; M, mucous layer, composed of 
delicate huudles of connective tissue; C', inner longitudinal, Ci, outer longitudinal, layer of 
bundles of smooth muscle-flhers, freely intermixed with connective tissue ; T, circular mus- 
cle-layer ; 0, adventitial connective tissue, carrying the larger blood-vessels. Magnified 100 
diameters. 

while in the circular layer the muscle-bundles are arranged more 
closely. The most external layer is composed of loose, fibrous 
connective tissue, rich in blood-vessels, lymphatics, and nerves. 

(4) The ampulla of the vas deferens and the seminal vesicles 
have walls considerably thinner than those of the vas deferens 
proper. In the ampulla the mucosa has abrupt folds, and the 
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lining columnar epithelium sends prolongations into the connect- 
ive tissue — the glandular nature of which is not generally 
agreed upon, as some observers claim these formations to be 
merely sinuosities of the mucosa. The epithelia contain a vary- 
ing number of brown pigment-granules. Three layers of smooth 
muscle-fibers are discernible. Similar structures are found in the 
walls of the seminal vesicles. The ejaculatory ducts are covered 
with ciliated columnar epithelia (authors do not mention the 
cilia), and the muscle-layers are said to be only an inner longitu- 
dinal and an outer circular. Toward the opening at the summit 
of the seminal hill, the epithelia gradually change into a stratified 
formation composed of several layers. In this situation the 
mucosa has numerous sinuous veins, agreeing with the general 
structure of the male urethra. 

(5) As remnants of embryonal formations are considered: 

The paradidymis (Griraldes), which consists of single or multiple lobules 
at the vascular porta of the testis, between the blood-vessels of the spermatic 
cord ] each lobule being composed of convoluted tubules, with a blind termi- 
nation, and lined with ciliated columnar epithelia. It is considered to be a 
remnant of the primordial kidney (Wolff’s body), being homologous with the 
parovary of the female. 

The vas aberrans Haller i and the vasa aherrantia of the rete testis (M. Roth) 
are blind tubules, kindred in structure to the tubule of the epididymis and the 
tubules in the corpus Highmori. Both are remnants of the genital portion of 
Wolff’s body. 

The Jiydatid of Morgagni is a non-pediculated lobule at the anterior aspect 
of the testis, immediately in front of the head of the globe. It is composed 
of vascularized connective tissue, and covered with ciliated epithelia, which, 
according to E. Fleischl, send prolongations into the depth of the hydatid. 
The center holds a canal, which is lined with ciliated epithelia ; this canal 
may be widened into a vesicle, and, if in communication with the tubule of 
the epididymis, is found filled with semen (Luschka). It is considered as an 
analogy of the ovary. 

The pedunculated hydatid is not constant; it is a vesicle the size of a 
millet-seed, attached to the head of the epididymis by means of a slender 
pedicle. It is a remnant of the embryonal Muller’s duct (Krause). 

(6) The prostate gland surrounds the initial portion of the 
male urethra, mainly at its posterior and lateral circumference. 
It is composed of acinous glands, which exhibit numerous con- 
volutions, and are lined with cuboidal epithelia in several layers. 
The acini are sometimes small in comparison with the large 
ducts, which are lined with columnar epithelia j sometimes 
the acini are imperfectly developed, and the duets seem to rep- 
resent chiefly the glandular structure. In the acini, not infre- 
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quently, peculiar^ concentrically striated colloid corpuscles of a 
Mgli luster are observed — the so-called prostatie concretions. 

According to Langerhans, the epithelia of the gland are 
arranged in two layers, the superficial being conical and elon- 
gated, the deeper globular; Toldt maintains having seen this 
arrangement in one prostate gland, while in three others which 
he studied only one layer of columnar epithelia was present. 
There seem to be varieties in the arrangement of the glandular 
epithelia. The interstitial tissue is scantily supplied with con- 
nective tissue, but plentifully with smooth muscle-fibers, which 
are arranged without any apparent regularity. At the periphery 
of the prostate gland the muscle-bundles coalesce, forming con- 
tinuous layers, and in this situation are freely intermixed with 



P'lG. 373. — Prostate Gland of an Adult. 

31, interstitial connective tissue, ricli in Lundies of smooth muscle-tihers ; F, cuhoidal 
epithelia, lining the convoluted acini ; C, prostatic concretions. Magnified 200 diameters. 

striped muscles, which surround the gland. The smooth muscle- 
layers are continuous with the circular sphincter muscles of the 
bladder. 

(7) Cowper^s glands are acinous glands, with irregular sinu- 
osities and stratified cuhoidal epithelia. The lobules of these 
glands are separated from each other by dense fibrous conneetive 
tissue, which is traversed at the peripheral portions by bundles 
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of striped nmscle-fibers of the perineal tract. Sometimes the 
lobules are separated by the intervening connective and muscle- 
tissues. 

(8) The penis consists of two cavernous bodies, which in their 
under furrow hold the urethra, surrounded by a cavernous body 
of its own. The cavernous body is composed of trabeculae of 
dense connective tissue, rich in smooth muscle-fibers, capillary 
blood-vessels, and medullated nerves. (See Pig. 374.) 

The trabeculae inclose venous sinuses, and at the boundary 
surface are lined with fiat endothelia. Thbse sinuous spaces are 
coarsest in the cavernous bodies of the penis, somewhat smaller 
in the glans, and smallest in the cavernous body of the urethra. 
According to C. Langer, the arteries which supply the cavernous 



Fig. 374. — Cavernous Boot of the Penis. Transverse Section. 


A, tunica albuginea; 8, venous sinuses ; T, trabecul.u! of connective tissue, holding capil- 
lary blood-vessels C, and bundles of medullated nerve-fibers N. Magnified 200 diameters. 

bodies are marked by a broad muscular coat, and they anas- 
tomose freely within the trabeculee. Some of them empty 
directly into the sinuses of the cavernous body, and others 
divide into capillaries which run below the albuginea and along 
the septum, producing a delicate reticulum which inosculates 
with the venous sinuses, and are the main source of blood- 
supply to the latter. The sinuses are smaller at the periphery 
than in the center of the cavernous bodies. It is an unsettled 
question whether the capillaries of the trabeculae themselves, 
which produce a wider mesh- work than those at the periphery, 
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also empty into the venons sinuses. The before-named observer 
and Rouget have demonstrated that the so-called arterim heli- 
cinaBj which take a spiral course, and are found mostly in the 
posterior portions of the corpora cavernosa, are only the loops of 
arteries visible in the collapsed condition of the penis, and which 
have no cecal terminations, as former anatomists thought. 
Nevertheless, Henle maintains the existence of helicine — blind 
vessels — and considers them as a sort of glandular apparatus. 
The efferent veins collect on the upper and under surface of the 
penis, uniting mainly in the vena dorsalis penis ; those of the 
under surface receive the blood from the large cavernous sinuses. 
The inner surface of all these veins is richly provided with ledge- 
like, branching projections, which are composed of smooth 
muscle-fibers ; free trabecnlm of a- similar structure also trav- 
erse the calibers of the veins. 


THE FEMALE GENITAL TRACT. 


T he female genital organs are: first, the ovaries, whose 
office is to produce the essential principle of reproduction — 
e., the ovum ; second, the uterus, to retain the fructified ovum 
during the period of development; and third, the vagina, to 
receive the seminal fluid of the male for fructification. The 
organ, upon which reproduction mainly depends, is the ovum. 
The mature human ovum is a globular vesicle of an average 
diameter of 0.200 mm., inclosed by a cuticular sheath — the sona 
l)ellucida — in which delicate radiating stria tions are seen. In the 
ova of many animals the cuticle is known to be perforated by an 
opening — the micropyle — to admit the entrance of the spermato- 
zoids. The ovum contains granules which are partly minute, 
partly coarse, representing the yolk, and also an eccentrically 
situated, nucleus-like formation — the vesicula germinativa — the 
bioplasson of which is distinctly reticular, holding in its center a 
somewhat coarser granule — the macula germinativa. 

The matured ovum is discharged from the ovary a few days before the 
beginning of menstruation. It is carried by the Fallopian tube into the cavity 
of the uterus, and in any locality, after leaving the ovarian follicle, may be 
reached by the spermatozoids. The number of the spermatozoids which 
penetrate the ovum is known to vary greatly, although, perhaps, a single 
spermatozoid is sufficient for the impregnation of the ovum. As regards the 
determination of the sex, all observers since Aristotle’s time point toward the 
fact that the sex of the future being is determined in the moment when 
impregnation takes place. Careful observations of stock-farmers and of 
physicians in lying-in hospitals have settled the fact that, when coition takes 
place shortly before the appearance of menstruation, or in animals at the begin- 
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ning of heat, the offspring is a female. If, on the contrary, impregnation occurs 
shortly after menstruation, or in animals toward the end of the rutting period, 
a male is the result. Based upon these facts, the following hypothesis is 
admissible : Before menstruation the ovum, ■ being high up in the female 
genital tract, can be reached by a few spermatozoids only ; while, after men- 
struation, the ovum lying in the lower part of the uterine cavity, can after coitus 
be reached by a larger number of spermatozoids. The ovum is a formation 
of living matter of the female, the spermatozoid a formation of living matter 
of the male. Both have plastidules representative of the organism in toto ; 
and if after commingling the living matter of the female be in excess, only one 
or a few spermatozoids having entered the ovum, a female organism will be 
produced. Should, on the contrary, many spermatozoids have entered the 
ovum, the living matter of the father will predominate over that of the mother, 
and the result will be a male oi’ganism. This hyijothesis may sustain the idea 
that the sex of the future individual is determined in the moment of impreg- 
nation ; it also agrees with the fact that peculiar bodily or mental properties 
of the father are, in the majority of cases, transferred to the male offspring, 
while bodily and mental properties of the mother usually reappear in the 
feinale children, though all these characteristics may, in varying proportions, 
be present in either sex, since every new being is the result of a mixture of 
male and female living matter. Exceptionally, however, characteristics 
jjeculiarto the father, f. i., a hare-lip, reappear in the female offspring exclu- 
sively, for which fact the above hypothesis offers no satisfactory explanation. 
Neither can it be understood how, in some insects (f. i., bees), male offspring 
are produced independently of the male — i, c., without sexual intercom-se. 
This strange peculiarity, to which Sieboldt first drew attention, cannot be 
unde'»’stood by any theory yet advanced, and we must rest satisfied for its 
designation with the Greek word “ parthenogenesis.” 

(1) The Ovary. The essential characteristics of the ovary are 
its epithelia, which Waldeyer terms the germinal 
This observer discovered that the peritoneum produces no cover 
for the ovary, but terminates with a jagged border at the hilns 
of this organ. The surface of the ovary, at all periods of life, 
is covered by one layer of columnar or cnboidal epithelia ; 
these are the remains of the germinal epithelium which gives 
origin, in the earliest stages of embryonal development, to all 
glandular formations of the genito-urinary tract. Among the 
germinal columnar epithelia Waldeyer found larger epithelia 
of a globular shape, with a large, sharj)ly defined nucleus, which, 
according to him, are developed into ova. My own researches, 
though limited, point toward the conception that the ovum is the 
product, not of a single epithelium, but of quite a nunil)er of 
them, which by coalescence at first produce multinuclear bodies, 
and later exhibit only one larger central nucleus as a secondary 
formation. 

All glandular formations of the ovary arise, according to 
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Waldeyer, from a proliferation of the germinal epithelia, which 
is accompanied by an outgrowth of connective tissue from the 
center toward the periphery. The germinal epithelia produce 
prolongations in the shape of tubules or solid strings, which at 
first are connected, holding in their centers rows of larger nucle- 
ated epithelia — the “ ovular chains” of Pflnger. At the time of 
birth, such cord-like formations, in a plexiform arrangement, are 
still recognizable, though, in the depth of the organ, numerous 
epithelial groups appear already isolated by surrounding con- 
nective tissue, being, at this stage, termed the follicles of the 
ovary. Each follicle is a globular formation, composed of a sin- 
gle lining row of short, columnar epithelia, surrounding a finely 
granular, central, nucleated body — the ovum. In more advanced 
stages of development the connection between the surface epithe- 
lium and the epithelial follicles disappears, and each follicle is 
surrounded and enclosed by its own layer of connective tissue. 
Exceptionally, two ova are observed in one follicle. 

As development progresses, numerous layers of cnboidal epi- 
thelia are gradually formed within the follicle, and only the layer 
nearest the wall of the follicle and the layer lying close around 
the ovum retain their columnar character. The row of col- 
umnar epithelia immediately surrounding the ovum is termed 
the zona granulosa or radiata ; between this and the ovum proper 
— which, as before mentioned, is also epithelial in nature — a 
broad, cnticnlar formation is developed — the zona pellucida. 
Numerous cnboidal epithelia are transformed- into a mncons 
mass, which is subsequently changed by liquefaction into what 
is termed the follicular liquid. Traversing the cavity of the fol- 
licle, comparatively few epithelial strings are left of an irregu- 
lar shape. The ovum, approaching its maturity, is either 
suspended by such epithelial strings or remains attached to the 
wall of the follicle, usually opposite the pole of the follicle which 
looks toward the periphery of the ovary. (See Fig. 375.) 

With advancing growth the follicle — called Graafian follicle 
— becomes easily discerned with the naked eye, and exhibits a 
distinct layer of inclosing fibrous connective tissue, — the theca 
folliculi, — which is in continuity with the connective-tissue 
stroma of the ovary, and shows an ample supply of capillary 
blood-vessels. Between the theca and the adjacent columnar 
epithelia lining the follicle a marked basement- or elastic layer 
may be observed. The point where the follicular epithelium is 
accumulated around the ovum bears the name of the proUgerous 
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dish, which protrudes more or less toward the central cavity. 
Near the time of maturity of the ovum, the epithelia of the folli- 
cle opposite the disk are destroyed, the connective tissue around 
the follicle is deprived of its blood-vessels, and this thinned por- 
tion ruptures ; the follicle empties its liquid, and the ovum is 
discharged, still surrounded by a layer of columnar epithelia — 
the zona granulosa or radiata of authors. 

After the follicle has emptied, a slight haemorrhage takes 
place at the site of the former cavity. The extravasated blood 
leaves a certain amount of pigment behind, and the newly ap- 



Fig. 375 . — Follicle of the Ovary of a Kabbit. 

0, dense counective tissue — so-called capsule of ovary; T, librous connective tissue— tlie 
stroma of the ovary ; IS, stratified lining epitiielium of tlie follicle; S, epithelial strings trav- 
ersing the cavity of the follicle ; L, albuminous liquid tiiliug the cavity of the follicle ; ZG, 
zona granulosa, composed of columnar epithelia ; ZJP, zoiia ijellucida — a cuticular formation ; 
0, ovum with the vesicula geiiiiinativa. Magnilied 200 diameters. 

pearing medullary corpuscles, both from the connective tissue 
and the epithelia of the follicle, appear laden with pigment- 
particles, or saturated by a diffuse coloring matter. At a certain 
period a number of pigmented medullary or inflammatory cor- 
puscles appear in the part where the former follicle was situated ; 
these are more numerous and more laden with pigment when 
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the discharged ovum is impregnated and the rupture of the 
follicle followed by pregnancy. The difference between a false 
corpus lutewm (after menstruation) and a true corpus luteum (after 
pregnancy) consists only in the number of medullary corpuscles 
and the amount of pigment present. The coloring matter has 
the characteristics of hsematoidin, and gives the corpus luteum a 
yellow tint. This color gradually fades, till at last all pigment 
is absorbed, and only the shreds of the basement or elastic mem- 
brane of the former follicle are left behind, imbedded in cica- 
tricial fibrous connective tissue, the shrinkage of which causes a 
retraction at the surface of the ovary. The folded, homogeneous 
shreds are easily recognizable nnder the microscope by the deep 
carmine stain which they take up. 

According to Bischoff, in most instances the formation of the 
follicles and the ova is completed in foetal life or during the fii*st 
few years after birth, and it is doubtful whether a new formation 
occurs in more advanced age. Out of the enormous number of 
follicles — Henle estimated in the ovary of a girl eighteen years 
old thirty-six thousand — probably many never reach full devel- 
opment. Beginning from early childhood, however, during the 
procreative period all stages of development of follicles and 
ova are found in the ovaries, the more fully developed lying in 
the deeper portions of the cortical substance. Upon reaching 
maturity the follicles occupy the whole width of the cortex, and 
even slightly protrude from the surface. The ovary after the 
menopause shows no follicles, but only dense, fibrous connective 
tissue, with a varying amount of the remains of follicidar base- 
ment-membranes. 

The connective tissue of the ovary is accumulated at its 
center, in connection with the hilus, through which the larger 
blood-vessels enter the stroma. The connective tissue is com- 
posed of interlacing bundles, plentifully, supplied with smooth 
muscle-fibers. Only the peripheral portion of the ovary, the 
cortex, contains the follicular formations, and, at least in young 
individuals, the connective tissue of the cortex, between the fol- 
licles, is of the myxomatous variety. In older persons it has 
the character of fibrous tissue, which is most abundant at the 
periphery in the shape of a dense capsule. Such a tunica albu- 
ginea does not exist around the ovaries of children or of young 
animals (Waldeyer). 

The Mood-vessels of the ovary penetrate the hilus through the 
broad ligament ; the largest amount of blood-vessels is found in 
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that part of the medullary portion which is nearest the cortex, 
and the latter receives capillaries almost exclusively. The arter- 
ies have a markedly spiral course and a broad muscle-coat, while 
the veins have very thin walls, and in the region around the 
hilus produce a rich plexus, approaching the cavernous structure. 
Lymph-vessels are also numerous, and, according to His, produce 
a closed reticulum, in the stroma as well as in the connective- 
tissue capsule of the follicles. Yalves are found in the lymph- 
atics outside the ovary, and also in the lymphatics of the broad 
ligament. 

As remains of embryonal formations ar^ considered : 

(1) The epooplwron (Eosenmiiller), which lies in the lateral portion of the 
broad ligament, above the ovary, reaching to the hilus. It is composed of 
blind tubules, with a lining of columnar, ciliated epithelia. They are rem- 
nants of the sexual portion of Wolff’s body. 

(2) The parodphoro7i (Waldeyer). This is located in the medial portion 
of the broad ligament, often extending to the lateral border of the uterus. 
It is likewise composed of tubules lined by columnar, ciliated ei)ithelia, and 
is considered as tlie remains of the primordial kidney (Wolff’s body). 

(2) The oviducts or Fallopian tubes are composed of connect- 
ive tissue, the innermost layer being the mucosa, the outermost 
the serosa, and between these are layers of smooth muscle-fibers. 
The mucosa has abrupt, longitudinal folds, which, toward the 
ampulla, are connected by oblique and transverse ridges, supplied 
with numerous smaller ledges. The portion nearest the epi- 
thelium is in young persons myxomatous, in older persons loose 
fibrous connective tissue, having longitudinal bundles of smooth 
muscles, more fully developed toward the uterine than toward 
the fimbriated extremity of the tubes. The submucous layer 
above the muscles is always fibrous connective tissue. The 
covering epithelia are ciliated columnar, extending over the 
fimbrige, but, in human beings, not connected with the epithelia 
of the ovary. Of the muscle-layers the circular shows the most 
advanced development; the longitudinal, outside the circular, 
is composed of only a few scanty bundles. The subserous con- 
nective tissue is well developed, and bounded by the delicate 
but dense fibrous tissue of the peritoneum. The mucosa, close 
above the epithelium, has a rich reticulum of capillary blood- 
vessels. 

(3) The uterus is composed mainly of smooth muscle-fibers, 
which toward the cavity are covered by the mucosa; at the 
periphery, in a great extent, by the peritoneum. The mucosa is 
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myxomatous comiective tissue, crowded with lymph-corpuscles, 
so-called adenoid tissue, being uniform in structure throughout 
its breadth. The surface is smooth within the cavity, folded in 
the cervical canal, and supplied with conical papillse on the 
external cervical portion ; in the latter situation the mucosa is 
composed of delicate fibrous connective tissue, without lymph- 
corpuscles. 

The mucosa of the uterus is lined with ciliated columnar 
epithelia, extending downward into the upper two-thirds of the 
cervical canal. Here, at somewhat varying depths, it blends 
with the stratified epithelium which covers the mucosa of the 
lower end of the canal and the external portion of the cortex. The 
larger plicge palmata? at their summits may exhibit stratified 
epithelium, while in the furrows between them columnar ciliated 
epithelia are present (Toldt). The surface epithelium sends 
numerous prolongations into the depth of the mucosa, producing 
the tubular utncular glands, which take a radiating and slightly 
winding course ; many of these are bifurcated, and send off 
lateral branches. The fining epithelia of the glands are col- 
umnar ciliated, the current of the ciliary motion being spiral 
from the bottom toward the mouth of the gland (Lott). In the 
cervical canal the glands are less numerous than in the body of 
the uterus, and, besides the long, tubular formations, small pear- 
shaped glands are found, which are fined with short columnar 
or cuboidal epithelium. Their hypertrophy and occlusion is 
supposed to be the cause of the common cystic formations 
termed ovules of Naboth. 

The muscle-layer of the uterus is composed of circular, longi- 
tudinal, and oblique bundles interlacing, without any apparent 
regularity. A regular arrangement into a middle circular layer, 
and internal and external longitudinal layers, can be traced in 
the cervical portion only. In the body of the uterus all layers 
contain circular and longitudinal bundles these are more abun- 
dant, however, in the submucous and subserous layers, while in 
the middle portions of the uterine wall, especially at the place of 
transition of the cervical into the uterine cavity, the circular 
fibers are most numerous. An apparent boundary between the 
middle and the outer layers is established by the large number 
of arterial and venous blood-vessels, which are present in this 
situation. The subserous longitudinal fibers are partly con- 
tinued into the broad ligaments, while the circular fibers can be 
traced into the initial portion of the round ligaments. The sub- 
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mucous muscle-bundles send delicate prolongations into the 
mucosa, and take a circular course around the openings of the 
Fallopian tubes. 

The arteries of the uterus are marked by a winding, spiral 
course and a heavy muscle-coat; they branch usually at the 
boundary of the middle uterine muscle-layer — the so-called 
stratum vasculare. The capillary net-work is richest in the 
mucosa close above the epithelium. The veins are character- 
ized by their thin walls and numerous sinuosities ; they produce 
a narrow plexus in the stratum vasculare, and a coarse plexus on 
both sides of the body of the uterus. The lymphatics form a 
capillary plexus, with numerous blind terminations, in the mu- 
cosa, and another plexus in the subserous connective tissue, while 
the muscle-layers have fewer lymphatics. As to the termination 
of the nerves, nothing positive is known. 

The tissue-changes that occur in menstruation are understood only in part, 
as shown hy the following article. Still more obscure are the tissue-changes 
during pregnancy and involution. The source of the enormous new formation 
of myxomatous tissue, resulting in the production of the placenta and the 
very abundant increase of the muscle-tissue of the uterus in pregnancy, are 
still puzzles, notwithstanding the amount of literature treating of this subject. 

The pathology of the uterus needs a more careful microscopical study than 
has yet been made. The origin of tumors to which it is subject is little 
understood. Among these are the common myo-hbroma, myxo-adenoma, 
myxo-angioma, as representatives of the benign type, and carcinoma — usually 
starting from the cervical portion, and exceptionally from the mucosa of the 
body and the fundus uteri — as a representative of the malignant type. 
Peculiar tumors are the lymph-adenoma or myxo-adenoma of the mucosa, 
which are considered to be the result of chronic endometritis. The tissue of 
these tumors — of which I have examined quite a number — consists of lymph- 
tissue with interspersed utricular glands ; this structure bears a close resem- 
blance to myxo-myeloma ; and, nevertheless, experience teaches that by a 
thorough removal of the newly formed tissue with the curette a permanent 
cure can sometimes be obtained. The boundary between lymph-adenoma and 
myxo-myeloma has not yet been defined. 

A peculiar complication, misleading the microscopist, occurred in the fol- 
lowing case : Dr. D. brought me a tumor the size of a pigeon’s egg, claiming 
that it was removed from the uterus. Under the microscope it proved to be 
colloid cancer — therefore, malignant. A few days later. Dr. M. brought shreds 
which he had gouged out from the “internal genitals”; microscopic exam- 
ination revealed cicatricial connective tissue — therefore, something benign. 
Both specimens proved to have come from a lady with an ulcerating cavity 
behind the uterus, which had perforated the posterior cul-de-sac into the 
vagina. The main tumor was colloid cancer, evidently starting from the rec- 
tum, while the shreds had been removed from a place previously operated 
upon — therefore, a cicatrix. Dr. M., anxious to clear up the case, gouged out 
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other shreds from the cavity, and handed them to another mieroseopist, Dr. 
Dd., of this city, being known as a reliable man. He diagnosed cicatricial tis- 
sue. The tumor was then given him, and the diagnosis was colloid cancer. 


Microscopical Studies on the Catamenial Decidua. 

By Jeannette B. Greene, M. D., New-York.* 

At the present time, it is agreed by all histologists that no new foi’mation 
of a tissue can take place except through embryonal elements. Morbid, as 
well as normal tissues, develop from an original indifferent or medullary for- 
mation, which is known to constitute the body of the animal embryo in the 
■earliest stages of its existence. 

Whenever one tissue is about to be transformed into another, the original 
one first breaks down into medullary elements — that is, it falls back into the 
earliest stage of embryonal development — from which a new tissue may 
arise. 

The same process invariably takes place when, from an original normal 
tissue, a new formation starts. This new formation may be inflammatory in 
its nature, and, as such, limited in its course ; or it may be a new formation 
without typical termination — a so-called neoplasm or tumor; it makes no 
difference, the process is the same. 

The peculiar condition which sometimes occurs at the menstrual period, 
producing membranous discharges, — called “decidua catamenialis ” or “dys- 
menorrhea membranacea,” — is known to be a new formation from the mu- 
cous membrane of either the uterus or vagina, or both. This process is inde- 
pendent of pregnancy. ' It is observed only at the time of menstruation, and 
is unquestionably caused by an irritation of the mucosa of the genital tract. 
This irritation is a constituent part of normal menstruation, and, as well- 
observed eases show, the only process which takes place whenever both ova- 
ries are absent. This irritation must reach a higher degree than in normal 
menstruation, in order to produce a menstrual decidua. 

My purpose is to present the anatomical features of uterine decidual mem- 
branes. The materials for my studies were found in the laboratory of Dr. 
Heitzmann, of this city; they consisted of five specimens. These had 
been preserved in alcohol, and, a few weeks before examination, had been 
placed in a weak solution of chromic acid — about one-sixth per cent. After 
sufficient hardening, the specimens were imbedded in a mixture of wax and 
paraffin, and were cut into thin sections for microscopical examination. 

Under the microscope, all the specimens proved to be composed of medul- 
lary corpuscles and a relatively small amount of basis-substance, the latter in 
its myxomatous and fibrous varieties. The fibrous exhibited both the reticu- 
lar arrangement and that of bundles composed of fine fusiform bodies in the 
earliest stage of development. 

In all specimens, glandular formations of a tubular nature were present, 
lined by columnar ciliated epithelia — very probably the remains of original 
utricular glands, and not newly formed. 

Under a power of five hundred diameters the medullary corpuscles pre- 
sented mostly a globular shape ; the globules were somewhat flattened at 

* Abstract ot the aiitlior’s essay. The American Journal of Obstetrics anil Diseases of 
Women and Children, vol. xv., April, 1882. 
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their parts of contact. Scattered among the globular elements were oblong, 
spindle-shaped formations, frequently arranged in clusters. All these bodies 
were invariably separated from each other, either by very narrow rims or by 
fields of a slightly granular substance, Avhich fields were about the size of an 
original medullary corpuscle. Clusters of such medullary corpuscles were 
irregularly traversed and bounded by slender bundles of fibrous tissue. The 
medullary coi’puseles did not appear uniform. Some were about the size of 
red blood-disks, and almost withoiit structure ; others were rather larger and 
indistinctly granular ; others again, the largest, showed a distinct granulation 
and a central nucleus. The relative proportion of these three varieties varied 
greatly in the different specimens. In one ease, the shining, homogeneous 
bodies were largely in excess. In another, the large, pale, granular bodies 
were most abundant, and the intervening spaces unusually broad. In a third 
case, the small, homogeneous bodies were scanty, while the pale, granular 
corpuscles were numerous, and about six times the size of the homogeneous 
ones. Their granulations were so coarse as to conceal the nucleus. The cor- 
puscles exhibited a distinct arrangement in clusters, and between the clusters 
delicate fibrillse could be traced, thus producing the appearance of myxoma- 
tous tissue. In a fourth specimen the smallest bodies were few in number ; 
the large, granular ones surpassed in size the smaller by six or eight diame- 
ters. In many of these larger bodies the granulations were pale, evidently 
due to a formation of basis-substance, the nucleus very distinct, and the 
interstices had the appearance of a fibrous net-work resembling placental 
structure. The fifth ease was so different from the others as to require a more 
detailed descriptioii. 

High powers of the microscope (one thousand diameters) proved that this 
mass of embryonal corpuscles deserved the name of a tissue from the fact 
that all the bodies, of whatever size, were united by delicate filaments. No 
structure was defined in the smallest corpuscles. The larger ones showed 
vacuoles in their interior, while in the largest a I’eticulum could be traced 
whose points of intersection, with low powers, appeared to be granular. The 
reticulum was most marked in the finely granulated corpuscles with distinct 
niiclei, and the granulations within the nucleus also had the appearance of 
being connected in a net-like structure. The reticjilar formation crossing the 
plastids became continuous with all their neighbors through the delicate fila- 
ments traversing the light rims. The granular fields lying around these bod- 
ies exhibited only a faint reticulum ; but still, this was united with the 
medullary corpuscles by the points arising from their peripheries. 

Wherever fibrillse were found, either in bundles or as a reticulum inclosing 
single or grouped corpuscles, these fibers were invariably composed of min- 
ute, spindle-like formations. These sphidles showed a reticular structure, and 
were also joined to neighboring plastids by fine threads. (See Fig. 376.) 

In the specimens of decidua studied by me, the smallest bodies represent 
the earliest stages of development of living matter, and from these globules 
arose the nucleated plastids, which were considerably enlarged from imbi- 
bition of a liquid. Here the living matter has passed into the reticular stage 
of development. In a more advanced condition the plastids had been trans- 
formed into basis-snbstance which was either fibrous or myxomatous in char- 
acter, and remained traversed by a reticulum of living matter. The light 
fields around the medullary elements were made up of a myxomatous basis- 
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substance, and this substance composed the mass in which lay the unchanged 
central nuclei described in the fourth case. 

Fibrous basis-substance may appear in the form of straight bundles in- 
closing myxomatous fields. It is obvious that in this condition the liquid 
contained in the original medullary corpuscles must have been transformed 
into a solid basis-substance, while the living matter itself remained un- 
changed. Living matter in a reticular arrangement first crosses the liquid, 
and afterward the interstitial solid basis-substance. The fibrous basis-sub- 
stance is always composed of slender spindles, which indicate that the 
plastids had become elongated and divided up before a solidification of their 
liquid had taken place. 

All specimens showed a varying amount of blood-vessels in longitudinal, 
transverse, and oblique sections. Capillary vessels were most abundant, 



Fig. 376 . — Decidua Catamenialis. 


M, micleatetl inedullai’y corpuscles ; S, the medullary corpuscles split into spimUes ; A', 
sucli corpuscles transformed to hasis-substance, the nuclei remaining unchanged ; jS, colum- 
nar ciliated epitheliuju of a utricular gland. Magnified 1000 diameters. 

being recognized as such by their flat, endothelial lining. In one of the speci- 
mens scanty formations of vessels resembling arteries were observed. In 
another ease, arterial vessels were unmistakably present, characterized by 
the muscular coat. All stages of arterial development could be traced. In 
some parts there were only cord-like formations with parallel outlines, com- 
posed of small medullary corpuscles which flattened each other, rendering 
their shape polyhedral. The outer corpuscles, seen in front view, appeared 
fusiform, so as to encircle the cord. Transverse sections of such a formation 
in some instances exhibited medullary bodies arranged in a radiating man- 
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ner, but vsuthout a clearly marked caliber. In other parts, a central light 
space could be discerned, evidently the first trace of the future lumen. This 
opening must have been produced by the vaeuolation of the most inner 
medullary bodies. Some cord-like formations which, if viewed transversely, 
•still appeared solid, when seen in longitudinal section, showed a narrow, 
•central caliber, lined by delicate spindle-shaped bodies in lengthwise arrange- 
ment, corresponding to the endothelial coat of arteries. (See Fig. 377.) 

In a more advanced stage of development, the artery had the appearance 
of a tube with a clearly marked caliber ; but in the opening there could be 
seen clusters of granules or nuclei, evidently the remnants of former vaeu- 
-oled mednllary corpuscles. 

In addition to these, other bodies were noticed within the caliber, discoid 
in shape, homogeneous and somewhat plicated, probably newly formed red 



Fig. 377.— New Formation oe an Artery in Decidua 
Catamenialis. 

B, decidua elements, at tlieir periphery transt'ornied to basis-substance, the nucleus un- 
•chauged; S, spindle-shaped corpuscles, indicating the torniatiou ot an adventitial coat; A, 
shining, homogeneous elements in longitudinal section, the forming smooth muscles ; the 
eudothelia visible in the depth. Magnilied 1000 diameters. 

blood-corpuscles. In this stage of development, both the endothelial and 
muscular coat could be discerned in longitudinal and transverse sections of 
the vessels. 

Of the existence of newly formed veins there could be no doubt, and some 
of them were filled with blood. These vessels were composed of an inner 
endothelial and an outer fibrous coat, the latter made up of fine fusiform 
bodies in longitudinal arrangement. Whether these formations could prop- 
•erly be considered smooth muscle-fibers, I am unable to decide. 
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The ease furnished by Dr. Munde was the fifth. He gave a history of a 
patient of his, a married lady, who menstruated only at intervals of three 
months, and who cast off decidual formations at every menstrual period. In 
microscopical examination of this case, it was seen that most of the medullary 
corpuscles were large and oval in shape. The fields of myxomatous basis- 
substance were abundant, and often holding in their midst coarsely granu- 
lated nuclei. The formation of a fibrous reticulum around the nucleated 
myxomatous fields and around the medullary corpuscles was more advanced 
than in any other ease. In all sections obtained from these specimens I met 
with fields of tissue, consisting either of medullary elements or fibrous con- 
nective tissue, in which a peculiar change had taken place, into a shining, 
homogeneous mass, such as has been described as waxy degeneration. Capil- 
laries and veins were also abundant, the latter being frequently engorged 
with blood, but no arteries could positively be distinguished. These features 
are not fully analogoixs to those of decidua reflexa or vera ; and, from what I 
have observed, I should conclude, therefore, that the case was one of decidua 
catamenialis unusually far advanced iu development, and almost approaching 
the features of decidua vera. 

A positive discrimination between decidua menstrualis and decidua vera, 
in their earliest stages of formation, seems to be a matter of impossibility, as 
they have features in common. The development of fibrous connective tissue, 
as a rule, is farther advanced in decidua vera than in decidua catamenialis. 
Decidua vera, in its early stages — that is, up to the sixth or eighth week — 
is always characterized by the presence of a myxomatous structure uniformly 
distributed throughout the formation. Its circular or oblong spaces con- 
tain either large, finely granular plastids, with one or two nuclei, or a pale, 
indistinctly granular myxomatous basis-substance, in the center of which 
often an unchanged nucleus is visible. Not infrequently, in decidua vera, 
we meet with multinuclear bodies, whose significance is shown by Dr. J. W. 
Frankl. Finally, decidua vera is marked by the presence of villosities, 
which, running in all directions, are seen in longitudinal, transverse, and 
obliqxie sections. 

JAterature. According to H. Kxindrat and G. J. Engelmann,* the hyper- 
trophied mucosa of the uterus, during menstruation, overlaps the openings of 
the glands, with a marked increase of the size of the latter. The condition of 
rest of the uterus during the period of reproduction is of but short duration, 
as the mucosa commences to swell slowly before the menstruation, and slowly 
returns to rest after it. No new formation of blood-vessels could be observed 
in the mucosa of the irterus, swelled and hypertrophied in menstruation, but 
a considerable opacity and fatty degeneration of the cells takes place. The 
surface epithelium is preserved to the time of the fatty metamorphosis, but 
when this ensues, the epithelium of the mucosa, as well as that of the glands, 
is cast off to a considerable extent. In the first weeks of pregnancy, the 
mucosa — especially the inter-glandular tissue of the upper layers — develops 
to decidua, and the glands become elongated and enlarged. 

G. Leopold! draws attention to the difference between membranaceous 
formations from the uterus and those from the vagina. The former are cov- 
ered by columnar epithelia, and contain the characteristic glands, while the 

* “ Untersuclmngen filler die U terus-Sclileiinliaut.” Wiener Mefiiz. J alirbucliei', 1873. 

t “ D3’smenorrliCBa Memliranacea.” Arcliiv f. Gj nakologie, 1876. 
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latter show only flat epithelia. He believes membranous dysmenorrhoea 
depends upon a diseased condition of the uterus, such as chronic metritis, 
fibrous tumors, or displacements. He says the tissue between the tubular 
glands consists of small, polyhedral or globular cells whose nuclei almost fill 
the bodies. Between these cells he found clusters of small, globular lymph- 
corpuscles. Evidently, he does not consider these cells to be decidual forma- 
tions. He also found a few waving arteries in the midst of the membrane, 
and a great many capillaries close beneath the surface epithelia, where the 
hemorrhagic clots are situated. He agrees with Beigel in terming this condi- 
tion chronic endometritis and endoeolpitis exfoliativa. 

J. Hoggan and F. E. Hoggan * draw attention to the difference between 
membranes cast off from the uterus and those from the vagina. In the foi’- 
mer, utricular glands were present, and around them, in a transparent matrix 
or intercellular substance, embryonal cells in different stages of development 
were noticed. These writers also call attention to the presence of embryonal 
tissue below the epithelia of the normal uterus, which they consider to be 
morphologically identical with that of true decidua, as well as that of the dys- 
menorrhoeie membrane. 

Wyder t asserts that, in menstruation, the superficial layers of the mucosa 
are cast off, whereas the deep layers remain intact. A distinguishing feature 
between decidua vera and menstrualis is that, in the latter, the inter-glandular 
cells are small, round cells, almost completely filled by the nucleus, while in 
the former, the nucleus, in comparison with the protoplasm, remains small. 
He considei’s dysmenorrhoea membranacea (1) as a fibrous coagulum, (2) as a 
mucosa altered by endometritis, and (3) as a decidua of pregnancy. 

The results of my studies of the structime of decidual formations are the 
following : 

1. Decidua menstr ualis is formed by medullary or embryonal corpmcles, exhib- 
iting a gradual development from a shining, globular, homogeneous mass of living 
matter into nucleated plastids. 

2. Basis-substance, in decidua menstrualis, is always scanty. It may appear 
either in the myxomatous or fibrous varieties. In the former, it is slightly granu- 
lar and apparently structureless ; in the latter, it is either reticular or arranged in 
fibrous bundles. Both hinds of basis-substance are formations springing from the 
original medullary corpuscles. 

3. Decidua catamenialis is traversed by a large number of blood-vessels, mostly 
capillaries. In some cases there is also a distinct new growth of arteries in such 
quantities as to greatly exceed the capillaries. Frequen tly, also, the forma tion of 
veins occurs. 

4. Decidua catamenialis always contains glands of the tubular variety, lined 
by columnar ciliated epithelia. Very probably, these glands are not new forma- 
tions, but simply the remains of the original utricular glands. 

5. Decidua refiexa is composed of large medullary corpuscles, mostly of oval 
shape. The formation of a myxomatous and fibrous basis-substance is much 
further advanced, and the amount of venous blood-vessels much greater than in 
decidua catamenialis. 

6. Decidua vera is made up of a freely vascularized and fully developed myxo- 

* “ Pathology and Therapy of D}’’smenoiTli(]ea Memhrauacea.” Arcliiv fiir Gynakologie, 
1876. 

t“Beitrage zur normalen nnd patholog. Auatomie der menschl. Uterus-Schleimhaut. 
Archiv. f. Gynakologie, Bd. xiii. 
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matous reticulum, in the meshes of tvMch lie the nucleated decidual elements, or the 
myxomatous basis-substance holds the remnants of the decidual corpuscles. Fibrous 
connective tissue occurs ynostly around the larger blood-vessels. Decidua vera is 
further characterized by the presence of villosities in different stages of develop- 
ment. 

(4) The Vagina and External Genitals. The mucosa of the 
vagina is raised in folds (rngse), and in this situation papillee are 
present, while in the furrows between the folds the papilla are 
small or absent. The papillae are simple throughout the mucosa,, 
but compound at the height of the rugae and toward the vestibu- 
lum. The loose connective tissue in the deepest portions of the 
mucosa is dense, and somewhat looser in the outer layers. In the 
mucosa, varying numbers of Ij^mph-corpuscles are found, ar- 
ranged sometimes in circumscribed follicular formations. The 
covering epithelium is stratified, blending with that of the cervi- 
cal portion of the uterus ; no glands are present. The muscles 
are arranged in external and internal longitudinal and middle 
circular bundles, united by numerous fibers running in oblique 
directions ; they are more developed in the posterior than in the 
anterior wall of the vagina. The outermost layers are composed 
of coarse bundles of connective tissue, with numerous elastic 
fibers. Blood- and lymph-vessels produce plexuses above the 
epithelial cover and below the muscle-layers, which themselves 
hold a large number of veins. 

In the vestibulum the mucosa contains small, acinous, mucous 
glands, which are more numerous around the opening of the 
urethra and on the clitoris. The Bartholinian glands are also 
larger mucous glands. The hymen is a reduplication of the 
vaginal mucosa, sometimes very rich in blood-vessels and nerves. 
The labia minora are characterized by the presence of numerous 
sebaceous glands, which are absent in new-born children ; their 
covering epithelium approaches the nature of the epidermis, 
since the innermost scales are destitute of nuclei. The transition 
of the mucosa into the external skin is completed on the labia 
majora, which are rich in smooth muscles and fat. The clitoris 
is covered by a mucosa, which, especially on the glans, is amply 
provided with tactile corpuscles and nerve-bulbs. The construc- 
tion of its cavernous bodies is similar to those of the penis. C. 
Griissenbauer, after careful study, states that the nymphge have a 
delicate, cavernous vascular system. The erectile tissue of the 
clitoris, according to him, is supplied with blood by small arter- 
ies at the root of the clitoris directly, and by arterioles and a 
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capillary net- work at the surface of the cavernous bodies, indi- 
rectly. The bulb of the vestibule is of the same structure as the 
cavernous bodies of the clitoris. 

The placenta and the umbilical cord have been subjects of 
research in my laboratory, both as to their development and nor- 
mal condition and their pathological changes. Some of the stud- 
ies are not yet completed. The results of some investigations 
are laid down in the two following articles. 

A Contribution to the History op the Development op the 
Human Decidua. By J. W. Frankl, M. D., New York.* 

It is acknowledged that the placenta represents a connective-tissue forma- 
tion belonging to the myxomatous variety. Formerly some histologists 
(Friedlander and others) were of the opinion that epithelial elements enter 
into the construction of the placenta ; but since the publications of G. J. 
Engelmann and Hanns Kundrat, and recently of Gerhard Leopold, this view 
can no longer be maintained, and, with the exception of the epithelial cover- 
ing of the villi of the placenta, we now scarcely look for epithelial bodies in 
the stroma, either in its villous or solid part. 

The development of the placenta in its minutest elements has so far been 
vei*y little studied. We know, since the publication of W. Reitzt, that the 
villi are originally solid masses, without any differentiation into stroma, 
blood-vessels, and covering epithelium, which differentiation they present 
only with the advancing growth of the embryo. Indeed, it is easy to satisfy 
one's self about the correctness of the assertions of Reitz on growing 
placentee of the second, third, and fourth months, where formed villosities 
are already to be seen, beset with more or less distinctly pediculated buds of 
a uniform structure. But how the solid part of the placenta, that nearest to 
the amnion, advances in growth, especially the formation of the myxomatous 
basis-substance, has not yet been elucidated. 

Engelmann and Kundrat t described the peculiar clusters of large decidua- 
cells occurring in the growing decidua-layer of the placenta. They consider 
these clusters as being in connection with the development of the villi. 

Gerhard Leopold ^ repeatedly mentions their presence, and suggests that 
these clusters, as he asserts, most numerous in the fifth month of develop- 
ment of the placenta, are split into smaller and larger cells. How this is 
done he does not say. 

George Hoggan and Frances Elizabeth Hoggan H also conclude that the 
large, so-called embryonic multinuclear ‘Glecidua-cells” give rise to the 
formative cells of the decidua, but they do not specify their view, nor 
describe the way in which the latter originate from the former. 

* Abstract of the author’s paper. American Journal of Obstetrics and Diseases of Women 
and Children, vol. xi., October, 1878. 

t “ Sitzimgsbericlite her Kais. Akad. d. Wisseuschafteu in Wien,” Bd. Ivii. 

t “ Uutersvichungen fiber d. Utei’us-Sclileimhaut.” Wiener modiz. Jahrbiicher, 1873< 

§“Die Uterus-Schleiniliaut wiilirend der Schwangerschaft und der Ban der Placenta.” 
Arch. f. Gyniikologie, ii. Tli., Bd. xi. 

II “Zur Pathologie u. Tlierapie d. Dysmenorrlioea luembranacea.” Arcli. f. Gyniikologie, 
Bd. X. 
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In the growing placenta we always meet in the decidua-layer with multi- 
nuclear masses, sharply marked from the surrounding myxomatous basis- 
substance. These clusters are numerous in earlier stages of the developing 
placenta, where the decidua itself is only of a relatively small diameter ; 
while the fully dovel oped placenta, in its solid part, is of a noticeable width, 
but altogether devoid of the clusters above mentioned. On the contrary, 
single elements, surrounded by the net- work of the myxomatous connective 
tissue, are present only in a comparatively small number in the growing 
decidua, while they constitute the whole solid paid of the fully developed 
placenta. This fact led the authors to the conclusion that the isolated 
decidua-elements originate from multinuclear clusters. 

The only way to examine a placenta, in my opinion, is to cut the tissue 
with a razor after it has been sufficiently hardened by a repeatedly changed 
one-half per cent, chromic acid solution. I cannot advocate the picking 
method of the villous portion, and still less, of course, that of the decidua. 
By cutting we oftentimes succeed in obtaining thin sections of the villosities 
in different directions, perfectly fit for examination even by the highest 
powers of the microscope. Such sections are easily made through the solid 
part of the placenta ; while picking will always bring to view debris of the 
tissue only, as a rule mangled to such an extent that a close examination 
under the microscope is a matter of impossibility. 

Specimens obtained from the solid part of a placenta of the six months’ 
development, with a power of about 500 diameters, show a great number of 
bioplasson formations, partly built up by large nucleated elements, partly by 
a uniform granular mass, in which there are imbedded nuclei in a more or less 
varying number. Besides, we meet with clusters, in which nuclei cannot be 
recognized, but a differentiation into smaller granular spindle-shaped ele- 
ments can be traced out. These masses, as a rule, are distinctly bounded 
toward the surrounding myxomatous basis-substance, which, owing to its 
apparently homogeneous, highly refracting structure, is a well-defined forma- 
tion. The net-work of the myxomatous connective tissue is partly loose and 
delicate, including in almost every mesh a granular plastid, this being either 
provided with or devoid of a nucleus, while in other places the myxomatous 
net-work is very heavy, its meshes being narrow and filled with a light, 
apparently homogeneous, structureless-looking substance. A still higher 
development of the connective tissue can be found only around the arteries, 
the adventitia of which is a combination of myxomatous with fibrous connec- 
tive tissue, inasmuch as bundles of delicate fibers form an elongated net- work, 
and in the meshes of these again granular, partly nucleated plastids are 
visible. The veins, on the contrary, being sinuous and irregular in their out- 
lines in a hardened specimen, are directly surrounded by loose myxomatous 
connective tissue. 

Sections made through the solid part of a placenta of nine months, if seen 
with a power of 500 diameters, show the complete absence of clusters, the 
‘ ‘ giant-cells ” of the authors, and the whole tissue is decidedly myxomatous 
in structure. The meshes of this tissue are partly filled with single, chiefly 
nucleated plastids, many of which, owing to the prevalent amount of basis- 
substance, are very narrow, and contain a light, apparently structureless 
substance. Besides, a considerable amount of fibrous tissue is to be seen 
principally in the neighborhood of arteries, the adventitia of which is alto- 
gether fibrous in structure. Where several arteries run through the stroma 
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near each other, the adventitial layer, common to all, consists mainly of 
fibrous structure, between which relatively small bridges of myxomatous 
tissue are left. 

Let us now examine the formations in the solid part of the placenta with 
the magnifying power of 1200 diameters, beginning with a six-months’ 
placenta. (See Fig. 378.) 

The stroma is built up by bioplasson, arranged in the shape of multiiinclear 
bodies, and by the basis-substance. The latter, looking homogeneous or 
finely granular with a low power, proves to be formed by extremely small 
spindles closely packed togetlier, if seen with a high power. These spindles 
are united with each other by delicate threads running vertically through 
all the trabeculae of the basis-substance. In the meshes of the reticular 
basis-substance, again, we find rmind or oblong plastids. 



Fig. 378. — Human Placenta op Six Months. 

M, niultimiclear bioplasson cluster ; C, delicate fibrous connective tissue; X>, plastids in 
transition to a myxomatous basis-substance. Magnified 1200 diameters. 

Wherever we meet with bioplasson, its structure, as first described by C. 
Heitzmann, is plainly visible. Coarse granules present in the middle of 
nuclei, the so-called nucleoli, send out radiated spokes, through which they 
are united with the neighboring smaller granules. Again, these granules are 
united with each other and with the shell of the nucleus by means of delicate 
threads. The shell of the nucleus, being either a smooth or granular layer, 
although continuous under all circumstances, projects very minute radiated 
offshoots, which traverse the light seam around the nucleus, and run to the 
next granules of the bioplasson body. All granules of the latter are united 
more or less distinctly by fine threads, so much so that a delicate net-work 
is established throughout the corpuscles. Where bioplasson meets with 
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basis-substance, we always see numerous fine threads projecting into the 
basis-substance, where they are lost to sight. 

In the fully developed decidua the details in the structure are exactly the 
same as in the growing placenta, with one exception — viz. : that multinuclear 
masses are absent ; the meshes of the myxomatous basis-substance contain- 
ing roundish plastids, mainly devoid of nuclei, while numerous meshes, sur- 
rounded by a dense, highly refracting net-work of the basis-substance, look 
homogeneous and structureless. The basis-substance assumes, in the adven- 
titial layer of the arteries, a decidedly fibrous structure, which again proves 
to be constructed by bundles of minute spindles, in the narrow and elongated 
meshes of which granular bioplasson is to be seen. The interstices between 
these spindles of the fibrous basis-substance are also traversed by minute ver- 
tical threads. 

The history of the development of the basis-substance has always been a 
matter of careful study with our best histologists. Now, the placenta offers 
an excellent means of settling several points of discussion, both on account 
of the relatively short time required for its formation, and the clearness of the 
relation between the protoplasm and the myxomatous basis-substance. 

The manner of formation of the myxomatous basis-substance of the pla- 
centa is as follows : 

The formative elements appear in the shape of multinulear bodies, exactly 
like those in developing bone or cartilage where the so-called “giant-cells ” 
prove to be the forerunners of the forming basis-substance. The next step is 
the fonnation of bioplasson layers, in which nuclei are no more recognizable, 
Vv’hile the net-work of living matter is arranged mainly in a longitudinal direc- 
tion — viz.: in the shape of closely packed spindles. In the next stage the 
fluid part of the plastids is transformed, chemically, into a shining, highly 
refracting basis-substance which hides the living matter, this being demon- 
strable only in the interstices between the delicate spindles in the shape of 
minute grayish threads. 

The most solid part of the basis-substance, as represented by the fibrous 
tissue of the adventitia of the arteries, originates in the same way as the 
myxomatous basis-substance of the stroma of the decidua. The only differ- 
ence is that the groups, respectively the net-work of the living matter, are 
more elongated in the adventitial fibrous than in the myxomatous reticular 
tissue. In both instances the meshes hold a certain amount of unchanged 
bioplasson, which is relatively profuse in the myxomatous tissue and scant in 
the fibrous. Even in the latter tissue we find larger and more numerous bio- 
plasson masses in the decidua of the placenta, advanced only to the fifth or 
sixth month of development, than in the decidua fully ripe for elimination 
from the maternal body. 


Waxy Degeneration of the Placenta. By Jeannette 
B. Greene, M. D., New-York.* 

My attention was drawn by Dr. Heitzmann to the fact that specimens of 
placenta from cases of premature birth and abortion, which had been pre- 
sented to him by different physicians, exhibited peculiar changes in their 

* ALstract of tlie author’s essay. American Journal of Obstetrics and Diseases of Women 
and Children, vol. xiii., 1880. 
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structure. Although to the naked eye these appearances resemble those of 
fatty degeneration, the microscope showed the morbid condition to be that of 
waxy rather than fatty degeneration. 

The subject appeared to be of sufficient interest to bestow a few weeks 
upon its investigation. I had at my disposal ten placenta of the following 
ages : 

First. A placenta of six or seven weeks, foetus attached. This placenta 
was a solid, clumsy-looking mass. Its substance had in some places been 
entirely transformed into a grayish-yellow material, of a shining appearance ; 
in other parts the shining material appeared only in scattered foci. 

Second. A three-months’ placenta, which had been detached from the uter- 
ine wall six weeks after abortion, a severe haemorrhage having occurred. In 
this placenta there was no perceptible change to the naked eye. To the touch 
the mass appeared rather denser than normal placental tissue. 

Third. A four-months’ placenta. A portion of this placenta, with the 
umbilical cord attached, came under my observation. This specimen exhib- 
ited the same general characteristics as the others — the same yellowish 
patches scattered throughout the placenta. The decidual portion had been 
extensively invaded by a yellowish material, varying greatly in width in dif- 
ferent parts. The amniotic surface had a mottled appearance and was deeply 
corrugated. 

Fourth. A five-months’ placenta, together with the foetus. This specimen, 
normal in its main mass, showed in the decidual portion small, homogeneous 
patches of a yellow color, and in the villous poi’tion scattered points, also of 
a yellowish color. 

Fifth. A flesh mole, fifth month of pregnancy. This specimen was a mass 
about the size of the foetal head at term. It was irregularly lobed, and con- 
sisted principally of haemorrhagic clots. Withm the tissues on the periphery, 
and between the clots, remains of the decidua were to be seen, of a grayish- 
yellow color. The foetus was lost. 

Sixth. A six months’ placenta. Several microscopical specimens were sent 
to the laboratory for examination. These specimens exhibited the same gen- 
eral characteristics observed in the other cases. 

Seventh. A placenta of seven months. The whole placenta was paler than 
normal, and the entire tissue, both decidual and villous, presented a decidedly 
glistening and lardaceous appearance. There were no isolated spots of 
degeneration. The attached cord was somewhat cedematous. The cross-sec- 
tion presented the same lardaceous appearance observed in the placenta. 

Eiijhth. A seven-months’ placenta. This placenta was coarsely lobulated, 
and of a consistency and thickness greater than normal. The entire tissue, 
but chiefly the decidual portion, was of a yellow color, greatly resembling fat 
in appearance. The umbilical cord presented no changes of any kind. Foetus 
died soon after delivery. 

Ninth. A placenta of eight months. There was no change in the villous 
portion, and in the decidual portion only an occasional spot of yellowish dis- 
coloration. Foetus lived. 

Tenth. An eight-months’ placenta. The decidual portion presented a lar- 
daceous appearance ; the remaining tissues were normal. Foetus living at 
birth. 

In all cases in which the yellow discoloration was apparent, the diagnosis 
made without the aid of the microscope was fatty degeneration of the pla- 
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■centa. For many years this condition was thought to have been the principal 
cause of abortion or premature birth, resulting in the death of the foetiis, 
either within the uterus or soon after delivery. 

Although the foetus might have the appearance of being well developed, 
its death, as a rule, occurred whenever the degeneration in the placenta was 
observable. In many instances the miscarriage was habitual, taking place at 
about the same period of pregnancy ; the foetus never being perfectly devel- 
oped. 

The ten placentae above described were furnished either in a fresh condi- 
tion or preserved in alcohol. All these placenta were placed in a half per 
cent, watery solution of chromic acid for hardening. 

Specimens obtained from placentae which had undergone a high degree of 
degeneration — Cases one, three, and eight — exhibited with the lower power 
of the microscope the following appearances : the decidual tissue contained 
sharply defined patches of a grayish or yellow color with a peculiar luster. 
These patches were of a uniform structure, with only a slight trace of decidual 
tissue remaining, and they were built up by irregular, jagged globules closely 
crowded together, strongly resembling fat in color and in general appearance. 
Toward the decidua these morbid spots were in some places distinctly defined, 
in other places were bounded by tissues, in which the morbid change was of 
a less marked degree. 

In the villosities the degenerative change is rarely found, but, if found, it 
is, as a rule, only in the parts in immediate connection with the decidua. In 
those rare instances where the degeneration did occur, it was not found to 
pass beyond the reticular or homogeneous stage — that is, it did not lead to 
the transformation of the myxomatous tissue into globular clusters. 

The decidual portion of the three placentae, which exhibited the highest 
degree of the homogeneous degeneration, showed also a greater development 
of fibrous connective tissue than is to be found in the normal placenta of the 
same age. 

Within the fibrous, and also within the myxomatous basis-substance, 
but in a lower degree, the oblong decidual elements showed a coarse granula- 
tion, so as to entirely conceal the central nucleus. The granules resembled 
fat in their high degree of refractive power. In the villosities, those which 
had an unchanged myxomatous structure showed the normal amount of 
blood-vessels and capillaries ; while in those villosities, in which the homo- 
geneous degeneration was marked, scarcely any trace of blood-vessels was to 
be found. 

Higher powers of the microscope, five hundred to six hundred, showed a 
homogeneous change of the basis-substance, with coarsely granular plastids, 
almost unchanged. A slight formation of connective tissue was observable 
encircling the villosities, and irregularly scattered between and within them; 
in the latter position, however, barely traceable. This tissue showed small 
plastids with nuclei, also apertures, indicating the caliber of former capil- 
laries. The greater part of these vessels, had, however, entirely disappeared. 

A power of twelve hundred immersion plainly revealed the nature of the 
morbid change. The basis-substance was divided into irregular fields of 
shining appearance ; between these fields the bioplasson was unaltered, 
exhibiting its characteristic, net-like structure. (See Fig. 379.) 

This reticulum was also traceable within the fields ; here, however, the 
meshes were larger than those in the [unchanged portions. This net-like 
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sti’ucture disappears altogether only in the highest degree of the degenera- 
tion, where nothing is to he seen hut shining, structureless masses, with 
high refracting power. The bases of the villosities are either of the same 
structure as the decidua, or they show a slightly fibrous basis-substance 
interspersed with plastids. No blood-vessels can be traced in this part. In 
some villosities irregular openings are observable, evidently the remains of 
capillary blood-vessels, which, in the degenerative condition, serve only for 
the passage of plasma, and not for the circulation of the blood-corpuscles. 

The qjLiestion arose : What was the nature of this degeneration f 

In order to settle this inquiry, a number of reagents were employed. An 
nmmoniacal sohition of carmine changed the homogeneous masses in the basis- 
substance only in specimens where the degeneration had not reached a high 



Fig. 379.— Waxy Degeneration of the Placenta. 

T, decidual tissue in a iiigli degree of waxy inetaniorplioais ; V, l)asis of a villus witlr 
clefts, probably tlie remains of vessels ; i-’, basis of a vilins with fibrous basis-substance; Ji, 
basis of a villus in a high degree of waxy metamoipliosis. Magnitied 1200 diameters. 

degree, and which had not been kept any length of time in chromic acid 
solution ; in the latter the homogeneous masses took on a yellow, almost a 
green color, and were unaffected by the carmine. Carmine is, therefore, an 
excellent reagent for bringing into view the homogeneous fields, as the car- 
mine readily stains the normal portions of the tissue. The shining granules 
in the decidual elements also remain unchanged. The carmine-stained speci- 
mens were left in absolute alcohol for a short time — twenty-four hours ; 
they were then dipped in oil of cloves, returned to the alcohol for a short 
time, and finally placed in water for mounting in glycerine. In these sped- 
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mens, the homogeneous fields and clusters, even in the highest degree of the 
degeneration, remained perfectly unchanged. Those decidual elements which 
had before shown coarse, shining grannies, after treatment with oil of cloves, 
lost in a great measure their granular appearance ; clearing up to such an 
extent that the reticular structure of the bioplasson became again visible 
with the highest powers of the microscope. A few of the granules in these 
specimens, however, showed a lower refracting power than fat. Such 
granules were also found in the connective tissue, joined to the neighbor- 
ing net of living matter by means of fine threads. Specimens stained with 
carmine, taken from the alcohol and plq,ced in spirit of turpentine, showed 
the same results as after treatment with oil of cloves. 

After having thoroughly washed the specimens in distilled water to 
remove the chromic acid stain, a half per cent, solution of chloride of gold 
was applied for one hour, and they were then removed. After a few days 
the normal basis-substance exhibited a slight purple color. The homogene- 
ous fields and clusters took on a dark-blue tint, which became deeper after 
exposure to the sunlight. The coarse granules in the decidual elements did 
not change their color. 

On application of tincture iodine, the homogeneous fields became tinged 
with a brown color. The addition of sulphuric acid produced no effect upon 
this coloration. 

Fuchsine, in a concentrated solution, gave a darker hue to the homogene- 
ous fields than it did to the normal basis-substance. Dark crimson globules 
were scattered through the decidual elements, which gave a beautifully 
spotted appearance to the specimen. 

Violet methyl aniline, in strong solution, stained the normal tissue a dark 
blue color, at the same time giving to the homogeneous fields a reddish hue, 
which varied in intensity according to the degree of morbid change — being 
darker where the degeneration was most strongly marked. This red color 
was most noticeable with low powers of the microscope. 

Osmic acid, in a one per cent, solution, stained the whole specimen brown. 
The homogeneous fields and strings, in many places, did not differ in their 
color from the adjacent tissues, while in other parts they had assumed a 
darker hue. The shining granules scattered in the decidual elements, through 
this re-agent became very dark brown — almost black. 

Ficrate of indigo gave to the specimens a uniform light green color ; the 
homogeneous fields and strings were stained a deep grass-green. 

From the above observations and experiments it follows that, in all 
the placentae here described, a peculiar change had taken place in the 
basis-substance of the placental tissue, which change bears a close resem- 
blance, in all essential characteristics, to waxy degeneration as it occurs 
in other organs. In a few placentas only was there a fatty change in the 
decidual elements, and this change certainly was of much less extent than 
the waxy degeneration. 

Waxy degeneration is obviously a morbid chemical change of the myxo- 
matous basis-substance. The nature of this change is almost unknown, 
although its analysis has been attempted by very good chemists. The asser- 
tion that it is de-alkalized fibriiie is merely hypothesis. The net-work of living 
matter is preserved to a certain extent, except in cases where the waxy degen- 
eration is in its most advanced stage. In these cases the reticulum of living 
matter appears completely lost. 
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While the waxy degeneration is located in the hasis-suhstance only, the 
fatty degeneration, on the contrary, is found almost exclusively in the living 
matter. With high powers of the microscope we plainly see the granules of 
living matter within the decidual elements first increase in size, and gi'adu- 
ally taking the peculiar shining appearance so characteristic of fat. At first 
the shining fat-granules remain in unbroken connection with the neighboring 
reticulum of living matter ; afterward the granules appear to be freed from 
their union with the reticulum, and finally they coalesce and produce oil- 
globules. Even in the highest degree of degeneration the living matter never 
seems to be entirely lost. This is demonstrated by the treatment of the speci- 
mens with oil of cloves or turpentine, all fat being destroyed by these re- 
agents. 

In nearly all decidual elements a scanty reticulum of living matter may be 
traced, and in some parts with enlargements at the points of intersection ; 
and in these enlargements coarse granules are frequently seen. 

The re-agents indicate that there must be a slight difference between the 
waxy mass of the placenta and the waxy degeneration we find in the kidneys, 
liver, and spleen. It appears that, in the above-mentioned organs, the chem- 
ical change which takes place in the basis-substance differs somewhat from 
that which takes place in the placenta ; the difference, however, is too 
insignificant to alter either the change itself or its results in the placental 
tissue. 

In placenta No. 7, the amnion in those parts in immediate contact with 
the decidua of the placenta, was affected with morbid changes identical with 
those observed in the placenta itself. Scattered through the amnion were 
shining, homogeneous bodies, also rod-like formations, which were in contin- 
uity with the connective tissue of the amnion. The homogeneous bodies 
w'ere either round or oblong, showing a central nucleus, but by no means so 
distinctly stratified as are the amylaceous corpuscles of the arachnoid. It 
may be that these forms are the remains of bioplasson bodies whose fluid has 
been transformed into a waxy mass. 

In the unibilical cord of this placenta I observed a peculiar change starting 
in the portion attached to the placenta and extending two or three inches. 
In the periphery of the cord the myxomatous tissue was fully developed, 
while the tissue in the vicinity of the umbilical arteries showed considerable 
enlargement of its meshes — the so-called dropsy of the cord. The meshes 
were srrrrounded by extremely fine fibers, and crossed by a peculiar, shining, 
yellow reticulum, inclosing empty spaces. In connection with the bundles of 
fibers that surrounded the meshes, coarser or finer trabeculae were observed, 
which showed shining enlargements at the points where the trabeculae were 
cut transversely. In some regions delicate, pediculated buds and club-like 
projections, or rosary-like chains, were seen. These formations took up the 
stain of fuchsine very readily, and were unaltered by treatment with turpen- 
tine and alcohol. (See Fig. 380.) 

It seems obvious, therefore, that this change of the umbilical cord which I 
have studied is due to waxy degeneration of the reticulum of the myxoma- 
tous tissue, together with liquefaction of the basis-substance. 

The literature of the subject of my researches is extremely meagre. 

Carl Rokitansky * mentions amyloid degeneration of the placenta, without 
further details. He is the only observer who speaks of such a degeneration. 

’••“Manual of MorWd Anatomy,” cliaptcr on “Anomalies of the Placenta.” Vienna, 1801. 
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Carl Wedl,* on page 170, says ; ‘‘The most striking morphological changes 
are those which occur in connection with miscarriages from the sixth to the 
ninth month, when the foetus is dead. The most nsnal alteration consists in 
an accumulation of a dark-yellowish or grayish-brown molecular substance, 
which renders the villi, with their clavate extrejuities, almost opaque, or merely 
diminishes their proper transparency at this point. This metamorphosis of 
the villi usually extends over entire groups, and it may be very strongly 
marked in many parts of the placenta, while in others it is very faintly indi- 
cated or entirely absent. It is more developed on the convex than on the 
concave sides of the placenta, and is associated with an absence of blood in 
the affected portions.” On page 171, he says: “The degree to which the 
atrophy has advanced inay be estimated by the extent to which this kind of 



Fig. 380. — Waxy Degeneration op the Umbilical Cord. 

T, traBeculai of the iiiyxomatonH tissue ; B, kiioB-like iirojections. Magnilied 1‘200 iliaiii- 
eters. 

metamorphosis can be traced toward the thicker stem of the villi. The con- 
nective-tissue elements of the stem are frequently in a state of fatty degener- 
ation — that is to say, brilliant molecules of considerable size are visible in 
the fiber-cells, from which the nucleus has escaped — or a chain of fatty 
molecules may be seen in the more slender fusiform fibers.” 

Carl Hennig t speaks of fatty degeneration of the decidua vera in the 
* “ Rudiments of I’fithological Histology.” London, 1853. 

t “ Studien ixbor doii Ban der mensclil. Placenta und iiber ilir Erkrankeii.” Leipzig, 1862 ; 
Schmidt's Jahrb., 1873. 
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last months of pregnancy. Morbid, fatty degeneration occurs, according to 
this writer, in the vera serotina placenta3, often also in the villi ; in x)ersons of 
impaired health, this degeneration accompanies inflammation of the placenta, 
the vesicular mole, and syphilis; the result being abortion or premature 
birth. No allusion is made to amyloid degeneration. 

The conclusions drawn from the examination of the ten j)laeenta3 are : 

First. That the channc in the placenta so productive oj'ahortion and, prematwe 
birth is a tcaxij, and not a fatty degeneration, as heretofore believed. 

Second. Amowj the ten pJacenUe in icaxy deeieneration, three only, in the 
htyhest degree of this morbid change, exhibited signs of fatty degeneration also, 
and this latter condition was always much less marked than the former. 

Third. The waxy degeneration, consists in a pcculmr chemical alteration in the 
myxomatous basis-substance, both in the, solid and the villous portions of the 
placenta. 

Fourth. The degeneration is kindred to that udiich occurs in the liver, spleen, 
and kidneys of so-called dyscratic or cachectic individuals. The plastids of the 
decidua and the villosities also enter the waxy degeneration in their fluid portion. 
The net-work (f living matter is not affected by this change, except in its higher 
degrees, where the living matter completely disappears. 

Fifth. Fatty degeneration results from a chemical change of the living matter 
at the points of intersection of the net-work — the so-called gran ules. A t first the 
fat-granules are joined to the neighboring reticulum by means of fine threads; 
afterward, the fat-gran ules coalesce and produce fat-globules. 

Sixth. Waxy degeneration of the placenta is sometimes comMned with an 
analogous degeneration of the amnion and the umbilical cord. In the cord it 
appears in the form of a shining reticulum arising from, the, degeneration of the 
fibrous net-work, of the myxomatous ba.sis-substanee. 


54 


•A •S'.. 




r- 


<r. y 

ti 




:sr 




■ 


R:^l.' ' 




■ t 



. c 


,iS 


' ','vi 



f. 












I 











